Using Acceleration to Compute Parameterized System Refinement by Bellegarde, Françoise et al.
HAL Id: inria-00071870
https://hal.inria.fr/inria-00071870
Submitted on 23 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Using Acceleration to Compute Parameterized System
Refinement
Françoise Bellegarde, Célina Charlet, Olga Kouchnarenko
To cite this version:
Françoise Bellegarde, Célina Charlet, Olga Kouchnarenko. Using Acceleration to Compute Parame-









   



















ap por t  
de  r ech er ch e 
THÈME 2
      
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Using Acceleration to Compute
Parameterized System Refinement
Françoise Bellegarde — Célina Charlet — Olga Kouchnarenko
N° 4716
2003, January
Unité de recherche INRIA Lorraine
LORIA, Technopôle de Nancy-Brabois, Campus scientifique,
615, rue du Jardin Botanique, BP 101, 54602 Villers-Lès-Nancy (France)








|}~g;vy{1jujDzegjizegjq;ODlnk  yg ¡ }~qO}ylD¢'}yxyjD
£Z¤¥M¦i§Y¨g©~¦Iª «qQ{erwp}y¬jM  ;­ j'gjDjMq>{}Z®Ijir°¯¬zM}Y{rsvIq]}yggvI}Ize²±³vI}²zt}y1v~±S¬}~}~hG´
j{jirsµMjM¶O{jMh/i·degjMj#O{jMh/}~j/zvyh.;vIjM¸v~±1}yq¶}yr°{}yQqOgh¬jMv~±1rsh.rwtw}y
gvzjMjMM·|\rsq]¹ ~º ­ jjigjMjiq>{{ej|{}Y{jM7O'jixIgt}~7t}~qgxI}~xIjM7}~q¬'{egj{}yqrs{rwvyq¬
O¶{}~qzijiGvY®yjiGjixytw}yt}~qgxI}~xIjMM·_»± ­ jQzi}~q¼zvIhG{jQ}¸Oh';vytwrz#h.vjitO
}yzMzjMtsjM}~{rwvyq.v~±0{egjp}Iz½{rsvIq   {egjMq ­ jzM}~qZ}~tv®yjMrs±³G}'ji¯qgjMhGjMq>{jit}Y{rwvyq.¾¿;j{ ­ jijMq
{ej1Oh';vytwrzhGvjMtwM·&Àj1egv ­ {e}Y{   qjiSvyh.j1zivyqrs{rwvyq¬   rs±@¾Ár7®Ijir°¯jD';j{ ­ jijMq
{ ­ vÂOh¬vItsrz/h.vjit   {egjiqÃj¯¬qgjih.jiq>{'r®yjirs¯jM¶;j{ ­ jijMqÃzvyq¬zj{j#}~}~h.j{jirsµMjM
O{jMh/i·7degjMq  g­ jzM}~q²{}yÄyju}y®Y}yqI{}~xIj|{egjugvy;ji{FÅÆ}Y±³j{²}~qÇuÈSÉ|ÈUgvy;ji{rwjMÊ
gjMji®Y}Y{rwvyq²OZji¯qgjMhGjMq>{±³vy{ejirw®yjirs¯¬zi}~{rwvyq·
ËQÌ>Í@ÎÏ'Ð §YÑ¥Iª }~}~h.j{jirsµMjM²{jih/   j¯qgjMh.jiq>{   }Izizijitwji}Y{rwvyq   ®Ijir°¯;zi}Y{rsvIq   }Y±³j{
gvy;ji{
ÒÓOÔÖÕg×#ØÙÚ9Û ÜÝÞÆßJÛ àBá\âDÝ7ÕYÞJãÚ9äJå9Ý«æÆ×@ç½èàBáé9Ýè1ãÛëêìgí~ÝêëêëÝîãÞ»ï&ðDÚ9Û ÜMæwñwäç½èàBÝ½ò ñwÞó ÓOÔÖÕg×#ØÙÚ9Û ÜÝÞÆßJÛ àBá\âDÝ7ÕYÞJãÚ9äJå9Ý«æÆ×@ç½èàBáé9Ýè1ãÛëêìgäJåYãÞBêëÝ«à»ï&ð9Ú9Û Üiæñsäç½è\àJÝ½ò ñsÞô ÓOÔÖÕg×#ØÙÚ9Û ÜÝÞÆßJÛ àBá\âDÝ7ÕYÞJãÚ9äJå9Ý«æÆ×@ç½èàBáé9Ýè1ãÛëêìgõ½ç½ðDä»å9ÚYãï&ð9ÚDÛ ÜMæñsäç½èàBÝ½ò ñwÞ
	  &  '"# " "² & 1(








 }yzMzoitwoi}Y{rsvIqGgjM7{}yqz½{jig   }~twvyqgvy¬7¬vIg®yvIq7oMxI}~twjih.jMqI{S®Ioir°¯¬ji7gqgj|jMtw}~{rwvyq
j}/qgjih.jMqI{&¾ jMq>{jzijMh.vfitwjM>h¬vItsr>gjMM·  vyh.vIqI{vIq&Ij   vyziji{}~rwqgjD




 Ð ¦M¥ Î ©! 




   /*²"S&
degjZxIv ­ rwqgx}~{v~±zvIh.g{jM'O{jMh/ursqÃzirs{rzi}yt\}~gtsrzi}~{rwvyq;vyrwq>{'vy{u{egjZrwh´
;vy{}~q¬zjv~±SjM®yjitwvyrsqgxG{jMzegqgr>gjM±³vy®yjMrs±³Orsqx{egjMj'{jih/i·degjij}~jp{ ­ v.h/}~rwq
{jDzegqgr>gjMv~±&®yjMrs¯¬zi}~{rwvyq ]{jDzegqgrIjM   gjM}~twrwqgx ­ rs{erwq¯qgrs{j{}~{j{jih/g{




zegjDzÄ>rwqgxOÊ½·.1h.vyqgx{egjMj/}y¬jDz½{  ­ j/zi}~q¶r{rsqxygre uh.}yqgrwggt}Y{rwvyq¸v~±gqO¬vIgqjD
g}~{}¸{z{gjMÅ³jI· x¶zvIgq>{jMÊuvIG®Y}yr}~gtwjM²¹wy   54   ~º   }~}~h.j{rwµM}~{rwvyq ÅÆqgj{ ­ vyÄ
­ rs{eQ}~q]}~grs{}~/q>h';jiv~±7zvIh.¬vIqgjiq>{Ê¹sD¢   56  gg     9Mº   h.vyrstwr°{   ·s·w·
dvFjM}yt ­ r°{e¶{egj#gvIgtwjih vy±rwq¯qr°{j#{jMh.®yjirs¯¬zi}~{rwvyq{egjMj#}yj/ji®Iji}~tS}~g´
gvI}IzegjM}yjM#vyq²®9}yrwjMZ{jDzegqgrIjMze²}I}y{}yz½{rsvIqÂ¹wiYº   >h¬vItsrzjD}yze}ygrstwrs{
}~q¬}~twOr   ·w·w·   }~qUrsqx®Y}~rwjMUh.}~{egjMh/}Y{rzi}yt{vOvytt}~qgxI}~xIjMG}~q¼}~{vyh/}Y{}F{egj´






}y}yhGji{jMrwµijD#O{jMh/e}y;jijMqrwq±³gtwtj }yqrwvyq ¹    Dk   56   k g  k74   k~   ¢   k  º»·
8gvI1zt}yjDv~±7{jih/zivyh.¬v>jD#vy±}yqQ}~gr°{}y.qOgh¬jM1v~±&gvzijMjDzvyh.hgqgrs´
zi}~{rwqgx#rwqÂ}²Oqzegvyqvyu¹wM¢   569º7vy}IOqzevIqgvy¿¹sYMº ­ }9]}~qQjM®yjMqI{}~twtwe}~rwqgx
}QzvIq>{vytSgvzjD   {egjZgvygtwjih v~±®Ijir°±³OrwqgxQ}QjD{rz½{jM¶j{'vy±vI¬jM{rsjDurw'jMzirwO´
}~tsjI·ZSjMjiq>{tw   {egjZh.v>{;vygtw}y{jMzeqgrw>gjD±³vyu®Ijir°±³Orwqgx]}~}~h.ji{jirwµijM¸O{jMh/





twrsÄIj:9 ¹;49º  =<?>A@B ¹ëkykDº  DCAEGFH 9 ¹w  º   ·s·w·Fgvy;vIjZ}Qj¯qgjMh.jiq>{'}IjD_ji®Ijitwvygh.jiq>{D·






gvOv~± {vOv·S«q¶¹w  º  ­ jj gjM{egjuj¯qjih.jiq>{|jih/}~q>{rzi}I1}GjMtw}~{rwvyq¬ji{ ­ jMjiq{}~qg´





«qÃ{egr'±³}~h.j ­ vIÄ   {egjMjrG}h.vjitwrw}Y{rsvIq ­ egjMjOh';vytwrz²{}~{jMGzi}yq ;jjijMqU}I
jixytw}y1tw}yqgxy¬}~xyjDu¹wDk   k  º7}~q¬ ­ egjiju{egj'jM}Ize}~grwtwr°{gvygtwjih zi}yqQ¬j.vIts®IjMrsqx
}~q]}yzMzjMtsjM}~{rwvyq#h.ji{egv0·LKqQze}yq}y{}yz½{rsvIq   r°{1r;vIrwgtwjp{v 








«qQ{egrw}y¬jM  @­ jj O{jMqQ{egj}ytsxIvyr°{egh.rwz®yjirs¯¬zi}~{rwvyqQv~±7{egj'j¯¬qgjih.jiq>{pjMtw}~{rwvyq
;j{ ­ jijiq ¯qgrs{jQ{}Y{j²{jih/.j¯qjMÃrwq ¹s  º{v¸}~}~h.j{jirsµMjM_{jih/i· 8vyG{e¬}Y{  
­ jji¯qgj{ej]jih/}yqI{rwzM±³vyG{egr.j¯qgjMh.jiq>{/jMtw}~{rwvyq ­ j]zi}~twt
¬·{_zi}~qqgv~{/;j
zvIh.g{jD²grsjMz{twZrwqzj ­ je¬}9®yj1{v.ju}IzizjMtsjM}~{rwvyq.{jMzegqgr>gjM¹wDk   k  º@{v/zivyh.g{j
}²¯qgrs{j#Oh';vytwrwzGjigjMjiq>{}Y{rwvyqv~±}²¬}~}~h.j{jirsµMjM¸{jih]·ZOv ­ j/j¯qjZ}~qgvy{egjM
j¯qgjMh.jiq>{ujMtw}~{rwvyq   ¾   {e}~{zi}~q¸;jZzvyh.gg{jM¸rwqgxQ}yzizijitwji}Y{rsvIqQ{jDzegqgrIjMM·.dej






­ vyÄrwS{v{}~Äyj1}I®Y}~q>{}yxyjv~±0gvy;ji{gjMji®Y}Y{rsvIqGO'{egj1j¯¬qgjih.jiq>{D·«qgjijM  I­ egjMq
{ejji¯qgjMhGjMq>{|rw1®yjirs¯jM   h.vI{1v~±{egjÇuÈSÉ|È¼gvy;ji{rwjM{e}Y{|evyt]vyq]{ej'Oh¬vItsrz
}~¬{}Iz½{hGvjMt }~jgjMji®yjMZ±³vy{egjuji¯qgjD#vIqgjy·
degj}~;jiGrvIx>}~qgrwµijD_}y'±³vytwtsv ­ M·¶«q jMz½{rsvIqUk  \­ jxyrw®yj²gjMtsrwh.rsq¬}~¸qv~{rwvyq¬
}~;vyg{ {}~q¬¬zji }yqujixIgtw}y t}~qgxI}~xIjM@{v|h.vjit>}y}yhGji{jMrwµijDu{jih/&}~q'j¯qj
vy'qgvy{rwvyq¶v~±|Oh';vytwrwzG{}yqrs{rwvyq¬'O{jMh]·«q¼OjMz{rwvyq g ­ j#ji¯qgj/{egj²jih/}~q>{rwzM
v~±&{ejji¯qgjMhGjMq>{1jMtw}~{rwvyq/±³vy1¬}~}~h.j{jirsµMjM{jih/M·\|1rsqQxIjiqgjM}ytzi}yq²qgvy{|;j
zvIh.g{jD  S­ j#j>{jiq r°{G{v¾   }ÂjMtw}~{rwvyq_{e}Y{/zi}yqÃ¬j]zi}ytwzigt}Y{jD_O_}yzizijitwji}Y{rsvIq
{jDzegqgr>gjMM·Z«qÃOjMz{rwvyq¶  ­ jZegv ­ {e}~{   gqjM'vIh.j.zivyqgr°{rsvIq   r°±{egj/ji¯qgjMhGjMq>{
jit}Y{rwvyq#¾ egvItw¬ji{ ­ jMjiq²{ ­ v.Oh¬vItsrz{jih/   {egjMq/evytg{vOv·7«qQOjMz{rwvyq 4  O­ j
gjMjiq>{ev ­ ¾ zi}yqF¬j.zvIh.g{jDFrwq}yqFr°{ji}Y{rs®Ij ­ }9y·pÀjGjiqF>Fvyh.jGzvyq¬ztwrwqgx






ji{9?;j#}²¯qgrs{j²}~twge}~;j{D·Z«q¶vyg}~ggvI}Ize   {}Y{jMuvy±{egjZO{jMh }yj ­ vygv~±}
jixytw}yt}~qxy}yxyjA@CBD?E}~q¬#{}yqr°{rsvIq}~jpjit}Y{rsvIq¬ji{ ­ jMjiq²{egjDj ­ vygM·





F P FZY[JLJLJ F N vY®Iji?  ­ egjijXrw{ejqOgh¬jMvy± gvzjMjM}~q#jM}yze\F)]&r{egju{}Y{jvy±{ejrs´B{evzjDM·
degjp{}~q¬rs{rwvyq]jit}Y{rwvyq²rw|}.jMtw}~{rwvyq#;j{ ­ jijMq ­ vIgvy± {egj'}~h.jtsjMqgx~{e·\ {}~qg´
r°{rsvIqZtw}y¬jMtsjDZO/}~q#}Iz½{rsvIq_^F{}yq±³vyh.ÅÆ}IzizvIgrsqgx{v`^Ê} ­ vy.rsq>{v}~qv~{eji ­ vy
O#ze}yqgxyrwqgx{egjutwj{{ji1zivyjD;vyqgrsqgx'{v.{egjugvOzijMjD¬jMrsqgxG{}yq±³vIh.jD#O_^·
a;b ¨4c Ìed C /0:f . "7#4g 0hg7)Ki . /0ji -g/0:f &  I.1032ki *G# !lfmi  .(2 *ZiD? )-#nfUf .10ofmipgqi #\H
.10'i rg  5)-#mfUf .10efmipgqi #tsu @ 7?%wv .1032i1* .xf9g7)Ki .  04i _i *G#!)-/0RyA2{z -g[i . /0HH/HFo| )Ugqf&#!
g}fmvlfmi #& )-  Gqf&#-"/~! 5)-#mfUf#mfi -g 0'f1&/ f
.i.10'i i *G#)/0Ry2[z -g[i . /0_H/HslFQu
1q }yz½{rsvIq^ zM}~q%;j ­ rs{{jMq%rsqxÃ{ejF{rwgtsjkH/HIRHs[mIWFZ·ÁdejjMzvIq




	O  	>	      
	       
v~±}~rw|vY®yjMA? ?·udegj¯{p}yqFt}y{jMtsjMh.jiq>{v~±S{egj{rsgtwjgjMzrs;j'{egj.zvyq>{j O{
rwq ­ egrwze{egj'}yz{rwvyqQzi}yq]¬j}yggtwrsjD]rwqgx ­ vygvY®yjM?   rJ· jI·   {}Y{jDv~±&{ejgvOzijMjD
­ egrze}yjqgvy{|zvIqzjMqgjD ­ rs{e{ej}yz½{rsvIq·
»±   qv ­u  {ej|{jMh rSzvIh.¬v>jDvy±}~q/}~grs{}~qOgh';jiSvy±0gvzijMjD   {egj1jixIgtw}y
j gjMrsvIq\HtEKF²jMgjDjMq>{{egj'xytwvy}yt{}Y{juvy±{egjO{jMh¿±³vI ­ egrze²{egjut}y{1gvzijM
rSrwq#{}Y{jF.}~q.jM®yji'vy{egjM\gvzjD7rrsqZ{}~{j/H   {egrwrwqji;jiq¬jiq>{tw.v~±0{egj1qOgh';ji
v~±vzjDjMM·dejiq   HtERF.ze}~}yz{jMrwµijD7}'>h¬vItsrz )- 0 yA2{z -gqi .  0_ÅÆxytwvy}yt¬{}Y{jDÊSv~±0{ej
}y}yhGji{jMrwµijD#O{jMh]·




}~q¸}yz{rwvyqzM}~q¬j.jigjMjiq>{jDFO]{ej{rwgtwj?E{IRH s[mIHtEl ­ egjijH! ?#"%$ H'&I·
degj¯{|}~qt}y{jMtsjMh.jiq>{vy±{egj{rwgtsj}yjjixIgtw}ytw}yqgxy}yxyjD   zM}~twtsjD % # Ui1}~q¬  .(2 *Zi
)- 0 i #)( i fpv~±&{egj}Iz½{rwvyq ·dejirw1j¯qr°{rsvIq   }yzMzvIrwqgx{v]¹ ~º   rw}I±³vytwtsv ­  
*Ì,+-/. ¦ .BÐ0- d @ % # UiI)/0'i #1( i3254.xfg  # 2{z %Mg %Mg 0 2[z'g2$# g$)-)# i #-"76nv g "7#Ki # .10 .xfmi . )
yJ0 .i # fmipgqi #4gqzi  gqi  0 *:g85.1032ogf-.10 2/% #4g7)-)-#  i .10 2kfmig[i # u @  .(2 *Zi )-/0'i #1( i92;: .xf4g
 # 2{z %Mg 
%Mg/032{z'g23# fmz+)-*ri *:g[iL.i f #<8 #&Uf#%Mg/032{z'g23#=.xfg!% # Ui)- 0'i #)({ipu
1q²}yz½{rsvIq_^¸rwjigjMjiq>{jD.O.}{rstsj9254<IÉI)2;:R ­ egjij%254r}utsji±Ö{zivyq>{jO{   É rw
}jixytw}y7tw}yqgxy}yxyjvY®yjM>?=`?   }yq>25:1rwS}rwxye>{\zvIqI{j O{M·8gvISj g}yhGtsj   {ej|Oh¬vItsrz
}yz{rwvyq HtE{I@?M s FKss[-E  F}H;BA I)CUrsqgrwzM}Y{jD{e}~{ 
M ­ jp¯{vIjM®Ijp}yq}yr°{}y/qOgh¬jMv~±vzjDjMrwqQ{}Y{j H   {egjMq  
M {egj.¯{gvzijM;jirwqgxFrwq_{}Y{js²ze}yqgxyjDegrw'{}Y{jZ}yq¸¬jDzvIhGjD F ÅÆrsq_vy{egjM
­ vIg   r°{1j ­ rs{jMrwq FOÊ  
M {egjursxIe>{h.vI{vzjDh{1;jurwq]{}~{j F#}yq²j ­ rs{jDrsqH  
M }~twt0rsq>{jMh.jDrw}~{jgvzjMjMh'{1;jursq]{}Y{j s}~q¬gvGqv~{1ze}~qxyjp{egjMrs1{}~{jI·

  05DFEHG =5I!,KJ 7`&'2 *;(Z,p+:,<=>* 05D/( +#LE (
À¸juqgv ­ ji¯qgj{ejuhGvjMt0rsqgx/}.>h¬vItsrz{}~qrs{rwvyq]{jih]·«q{egjp±³vIh/}~t@±³}~h.ji´
­ vyÄ/v~±&{}~qr°{rsvIq²{jih/   }GOh';vytwrwzzivyq¯xIg}Y{rwvyq²rwzM}~twtsjD²}.Oh';vytwrwz{}Y{jy·
*Ì,+-/. ¦ .BÐ0-NM @ fmv >6- % . )Ai -g/0:f .i . /0Gfmvlfmi # .xfPOnz'g$" mz5?% #A ?;IW@3Q{I)RTSUmImTVA*G# #/? .xf
g;yJ0+.i #}g % +*:g,6#KiW @3Q:.xf`g # 2[z %Lg 
.10+.i . g % )- 0 yA2{z -gqi .  0  0?TWXRTS<U=.xf9gGf&#KiG| 0 g !#mf
R`fUv >6- % . )g7)Ki . /0:fYW>g 0"  .xfAg`fUv >6- % . ) i -g/0:f .i .  0  #%Mgqi .  0 B ?EZ @ )niG?EnRu
degjtw}y¬jMtsjD{}yqr°{rsvIq'jit}Y{rwvyq rw7gj¯qgjD'O}j{v~±{rwgtwjM @I-^I-@9[xÅ ­ rs{{jMq
@]\@9[ÖÊ½·
degjG{}~q¬rs{rwvyqjMtw}~{rwvyq  zi}~q¬j/jO{jiq¬jMÂ{vF}jD>gjiqzij.v~±\{}yqr°{rsvIqprsq¸{ej
{}~q¬g}~ ­ }9 '@9[ rwjM}Ize}~tsjp±³vyh @  g­ rs{{jiq@C E @^[   r°±{ejijj r{1}/jD>gjiqzij
v~±'Oh';vytwrwzÂ{}Y{jD\@_ @ Q I-@ P IKJLJMJLI-@ N  @ [ ¬ze {e}~{#±³vI#jM}IzeN`badc ­ jFe}9®Ij
@ ] \fe @ ] B PY·7À¸j ­ rs{j @hg {vGjgjD{e}Y{1qgvZ}Iz½{rsvIqzM}~q¬j}yggtwrsjDZ±³vyh1@Z·
ji{'i ;jZ}®9}yr}~tsj/zeÂ{e}Y{rs{'vyh/}~rwq¸rwrwqztwjD¸rsq>{v ?E~·Gji{^RFUBUn @3Qlj 
$ @k @3Q  E @>&;ju{egjGji{|v~±SjM}Ize}~tsju{}Y{jM1±³vIh @3Q>·/ji{%RÇXl_;j}#ji{|v~±\}~{vyh.rz
gvy;vIr°{rsvIq ­ ejijZjM}IzeÃ}Y{vIh.rwz#gvI¬v>rs{rwvyq#m²r'jMr°{egjinio 3ÈvI^i B¿È  7­ egjij
ÈB?E~·ji{Tp7ÇXl¸;ju}Gj{vy±gvy;vIr°{rsvIqvY®yji/? ­ ejijpjD}yze²gvI¬v>rs{rwvyq²rwgj¯qgjD
O/{ej±³vytwtsv ­ rwqgx.xy}~h.h/}~rq P Iq Yjst Nmk q Pu q Yvk wxq P ·
*Ì,+-/. ¦ .BÐ0-zy|{I# "7# yJ0?#;g fUipgqi #? +lf .i .  0%q~}p7ÇXl i 96-#T8lg/% . "L& gAfmv >6- % . )fmig[i #
@WV  .i i #0\@k #qW>glfJ& %1% V f
4
       	 	    x      	   






8&rsxIgjG!S {}~qziji}yzMzjM{rwqgx/}~twt ­ vIvy±&¬}~rwv~±&{ej±³vyh H I-H; E  H I!s[KsqI!s[ E
 @ k  Ni  È . @h È3W
 @ k  Ni B È . @ B È3W
 @ k  #q P u q Y . @k 7q P  /@ k  q Y W
 @ k  wxq .  w @ k  #q3u
À¸j#zi}ytst .108qg  . g 0 i'}QgjMgrwzM}Y{j ­ rs{ze_egvItwg'vyq_jD}yze_Oh¬vItsrzZ{}Y{jy·]«qÃvy{egjM
­ vyg   ]ru}~qrsqO®Y}~r}~q>{pvy±}²{}~q¬rs{rwvyq¸{jih É%p vY®yjM ?r b} pSÇXl"!$#Q@JL @ }
RFUBUn @3Qq&%@ k  'Z½·
M)( M)( d * §Y¨ - ¥MÑ © Ì §9¥+ Ð §Z¦-, Ì ¦M§9¨ - ¥ . ¦ .ÆÐx- § Ì  Æ¨g¦ .ÆÐx-
 {}~qrs{rwvyqFt}~;jitwjMÂ>^ K}#RTSU!pzM}~qÂ;jGjMgjDjMq>{jMF>F}#¯qgrs{j/{}~{j.}~{vyh/}Y{vyq
vY®yjM?z?   zi}ytstwjM}{}~qzijiÅBjMj±³vIj g}~h.gtwj
8&rsx¬·DÊ·
*Ì,+-/. ¦ .BÐ0-/. > #ni>? P g 0?"}? Y 6-#9iV g % G*:g,6-#ni fKu @ i -g/0:f"qz+)-#10  8 #A? Y  ? P .xf}gyJ0 .i #fmipgqi #9g[zi /}g[i /0  8 #A? Y ? P g$))-# i .1032 V / "lf'g .1Uf` F ] I32 ] L&  S54 ` 4 X)- I.1032 -   i *G#^V   "qf F P JKJRJ-F N ;}?EY g/0"\2 P JRJKJ62 N ;}?EP u
ji{/`87ÆÈ  ;j{egjt}~qgxI}~xIj\jMzivyxyqrsµMjMuO}{}~qziji}yzMzjig{rwqgxrjMqI{rwzM}~tO}yrs&v~±
­ vyg&v~±0È1·&Àj ­ r°{jZ`97u±³vy `87 ?
½·degj{}~q¬¬zji&0 \ ±³vI{egj1}Iz½{rsvIq9^  2:ZIÉI)2<;l}yzMzjM{}ytst ­ vygv~±&}~rw;jitwvyqxyrwqgx'{vG{egjut}~qgxI}~xIjpgj¯qgjD#O`972:[mJ É/J `87  2=;l·7»{
j gjMjM{egjujit}Y{rsvIq \%·
*Ì,+-/. ¦ .BÐ0-?> < *G#Gfmv 6- %(. )_i -g/0:f .i . /0  #%Mgqi .  0 \.10?"qz+)-#-"b6Kv0 \ % .10 ,lfGg %1%O:g/.1Uf V  "lf; F P JMJLJ F N I2 P JLJLJ 2 N /fmz+)*_i *:g[i/V / "lf 'g .1Uf; F P I2 P mJLJLJL F N I32 N tg  # g$)-)# i #-"6nv10 \ u{I# fKgqvGi *:g[i \ .xf g  # 2[z %Lg 
 #%Mgqi .  0 u

@ A 2 IKJCBPI<23+:,!*.+D/# "#%2 J
D2GPI<# Ae=>*FEt.GB/&:23+:,<=*IHW=>& 2k79&:25*(Z,<+,!=>*
mprw®yjiq]}{}~qzijiF0 \ }~q}~q]}~g{vyh/}~{vyq$J }yziziji{rsqxG}.>h¬vItsrzpzvyqg¯xyg}Y{rsvIq\@  ­ jGzM}~qFgrsts{}#qgj ­ }~g{vyh/}~{vyqKJ9[7}yzMzjig{rwqgx²}ytst ­ vyg|vy±}#Oh';vytwrwzGzvIq¯xIg}~{rwvyq
@9[   ¬ze¶{e}~{9@ \ @9[}~q¶jMgts{rwqgxQ±³vyh {egjzvyh.;vIr°{rsvIq_v~±10 \ }~qLJ  7­ rs{{jMq0 \NM J/·
*Ì,+-/. ¦ .BÐ0-'O < *G# )-  Gqf .i . /0$0 \NM J `gi -g 0'f&"[z+)-#&F0 \  h ?  ?;I¾I!s Q I3PQIRQS:`g 0?"_g 0 gqzi  gqi  0$JH  ?;IT}I6U Q I3PWV/I3RXV

.xf i *G#9gqzi  gqi  0 ?;I3T!²¾IRU Q I




8gvIrsq{}yqzj   zvIqrjM {egjOh';vytwrz{}~{j HtERFu}~q{egj}yz{rwvyq9^{}~q±³vyh.rsqgx|{egjt}y{
gvzjM7rwqZ{}Y{j/H%rwqI{v'}gvzjM7rwq#{}Y{jsO·7»± ­ j1}yggtwGzizijMrw®yjMts9^Q±³vyh HtERF  y­ j
xyji{p}yqQrsq¯¬qgr°{jGjM>gjMqzj'v~±\>h¬vItsrz{}~{jM;HtERFh\ HtEKsqF \ HtEKslsqF \ HtEKslslsqF!\ JLJMJ





}~gtsrzi}~{rwvyqpvy±\{ej.}~h.j/}yz{rwvyq   rB· jy·   zvIh.g{jG{egjG{}~qr°{rs®IjGzitsv>jGv~±{egjZ}Iz½{rwvyq  
zi}ytstwjM g7)-)-#% #&Wgqi .  0·

  J J #XI<#%&:23+:,<=*
«q ¹ yº   {egjQ}y{egvIxyrw®yj#{egjQZzrwjiq>{ZzvIqrs{rwvyqGjM>grwjD¶{v¶zvIhG{jQ}~g{vyh/}~{rs´
zi}ytstw²{egjG}yzizijitwji}Y{jM{}~q¬¬zjizvyjM¬vIqrwqgx.{v}~qÂ}Iz½{rwvyq]{}yq±³vyhGrwqgx/vIqgtsvyqj





g{jM0·7À ejiq²{egjuzvIq{z½{rsvIq²zi}yqgqgvy{;juzi}~tztw}~{jM   {egjMj}~j ­ rjMqgrsqx'{jMzegqgr>gjM
¹wDkDº}ytstwv ­ rwqgxG}yq²g¬jM´«}~gv rwh/}Y{rwvyq#v~±&{egjj{v~±jM}yze¬}~gtwjp{}~{jDi·
\}Ize}IzizjMtsjM}~{jD/{}~q¬¬zjijigjMjiq>{\{egjuj@jMz{1v~±7}~q]}~grs{}~/q>h';jiv~±7}~g´
gtwrwzM}Y{rsvIqv~±{egj'}yz{rwvyq·À¸j ­ rs{j`^ E Å³jM·^ B Ê{egju{}yqrs{rw®yj}yq]jjOrw®yj/ÅÆjD·
{ej{}~qr°{rs®IjuztwvIgj9ÊSvy±}yq}Iz½{rsvIq^·
degjF}yggtwrwzM}Y{rwvyq¼v~±}yq }Iz½{rsvIqk^ Å³jM· ^ B ÊG{vÃ}_Oh';vytwrwz]zivyq¯xIg}Y{rwvyq@ rw
­ r°{{jiqD^  @FÅ³jM· ^ B  @Ê½· ÀjF}ytwv ­ rs{j@G ^3FÅ³jM· @G ^ B ÊG{ejFg¬ji{Zv~±
@ ±³vIh ­ egrze {egjQ}yz½{rsvIqk^ÅÆjD ·k^ B ÊGzi}yqUjW;jDz½{rw®yjMts_;jF}~gtsrwjM ÅÆvyzij²vy±|{ej
}~gtsrzi}~{rwvyq¬Ê·degrugj{urwuzM}~tzgt}Y{jMÂ>Qrwq>{jMjMz{rwqgx@3}~q¬F{egj/vIgzijt}~qxy}yxyj
v~±>^ Å³jM·^ B Ê· 8gvI|j}yh.gtsj   twj{A@  FE$ 2qI1S
&lFE¬j.}Z>h¬vItsrzzivyq¯xIg}Y{rwvyqQ}yq
^   ?E[Ir? 2  F,A Im?EK/¬jÂ}yq¼}Iz½{rsvIq· À¸jQe}9®yj ^  @~ F:E4F:E<SKFEQ}~qD@G ^3  
@r? E 2K? E  F E 2mF E ·
]|rwqgx{egjDj}yzizijitwji}Y{jM.}yz{rwvyq  y­ j|zi}yq/zvyh.gg{j   ±³vyh {egjrsqgrs{r}~t;Oh¬vItsrz{}Y{j
v~±&{ej'{jMh   {egj'zMzjMrs®Ijpj{v~±7jM}yze¬}~gtwjpOh';vytwrwzu{}~{jDv~±{egj{jih]·\»± ­ j
xyji{}/j{vy±Szvyqg¯xyg}Y{rsvIq{e¬}Y{|e}I1}~twjM}yg#;jijiqFzivyh.g{jMÃÅ³{egr1r|gj{jDz½{jMQO²}yq
rwqztwrsvIq{jM{;j{ ­ jijMq¸jixIgt}~ut}~qgxI}~xIjMÊ   {egjiq¶{egj#zivyh.g{}Y{rwvyq_jMqgM·²À rjMqgrsqx
{jDzegqgr>gjM¹wDkDº&zi}~q;jujD²{v.egjitw{jMh.rwq}Y{rsvIq·
degrZzvIh.g{}~{rwvyq%zM}~q ¬jÂ®>rwj ­ jM }I.{egjzvyq¬{z{rwvyq v~±}¶jM}Ize}~grwtwr°{ÃxI}yge




degj.j¯qgjMh.jiq>{gj¯qgrs{rwvyq¸;j{ ­ jijiq¸ji®Ijiq>{u{jih/pe}I;jijMq¸gj¯qgjDÂrwq¼¹s  º\}y}²ji´
t}Y{rwvyq];j{ ­ jijMq]{}~qr°{rsvIqQ{jih/M·\«q]{egrwjDz½{rsvIq  g­ jj O{jMq²{egr|gj¯qgrs{rwvyq]{vZvy
>h¬vItsrzh.vOgjiti·8&rs{  ~­ jxyrw®yj}pgj¯qgrs{rwvyq.vy±¬{egjji¯qgjih.jMqI{Sjit}Y{rsvIq';j{ ­ jijMq.OhG´
;vytwrwz|{}~qrs{rwvyq#{jih/  >­ r°{{jiq\¬·7degjMq  ­ j|j O{jiq_'{v'¾ O.{}~ÄOrsqx'rwqI{v}IzizvIgq>{
{}~q¬rs{rwvyqp}yzMzjMtsjM}~{rwvyqF}~q¬Fev ­ {e}~{pgq¬jivIh.jzvIqrs{rwvyq   ¾ }yq Q}~j'jDI¬}~tJ·
8&rsq¬}~twts  &­ j#jDjMqI{G}~q_rs{ji}Y{rs®Ij#zvIh.g{}~{rwvyq¶{vF®yjMrs±³Â{e}Y{¾ egvytg'¬ji{ ­ jMjiq_{ ­ v
xyrw®yjMq{jih/M·
@
! 0 #XEC25*+:,KJQ( HU=& +D/# "k#)Et*/#XEC# *>+8"#LI!23+,!=>* G #%+e##* 05DFE
G = I-,KJ =6#LI!(
ji{#ÉPp P  ? P IW@3Q P I1RPSU P Im P /}~q É%pQY   ? Y I-@3Q Y I)RTSU<Y{IUYR.;jF{ ­ vÃOh¬vItsrz{}~q¬rs{rwvyqQO{jMh/1}Y{1{ ­ v/twji®yjMtw1v~±ji¯qgjih.jMqI{p}~q" P   nY'¬j{egjMrs1jM;jMz½{rs®IjursqO®Y}~rs´}~q>{i·||rsqÃ¹w  º  ¬­ j'zivyqrji{e}Y{}.ji¯qgjih.jMqI{rsq>{vzijMqgj ­ }yz½{rsvIq   v ­ jue}9®Ij
RTS<U P B RPSU<Yy·À¸j}ytwvujD>grsj{e}Y{/? P 9? YT    rwqzij1ji¯qgjMhGjMq>{jiq}yhGjD7®Y}~rw}ygtwjMM·

     Y    <   x   	 Y     	        r  
	  Y	    >  I
Kgxyv>}~trp{v]®yjMrs±³]{e}~{ÉPp Y rw'}#j¯qjih.jiq>{uv~±ÉPp P OÂ}jMtw}~{rwvyq Q;j{ ­ jijMqÉPp Y }~q_É%p P · 8vy'{e}~{  7­ jZ¯{Gj¯qj#{egj#jit}Y{rsvIq   qgjijDjM¶{vFtwrsqgÄ¸{egj{}~{jDv~±{egj²{jih/'}yq¸±³vIh ­ egrze rw}QjD{rz½{rsvIq·QdegjZjit}Y{rsvIq r'rwh.gtwjih.jiq>{jD
rsqx}¸j{jihGrwqgr{rwzZ{}~qziji 0¶vY®yjM}? Y  ? P jMzivyxIqgrsµMrsqxQ{egj}yrs'vy± ­ vI F P JRJKJWF N I 2 P JKJRJ32 N pzeQ{e¬}Y{{egj ­ vyg1vy±}yrs9 F P I2 P nIKJKJRJ%IR F N I32 N }~j}IzizjM{jDO$0@·8vy|rwq{}yqzj   rs± ? P  $lF I2@&}~q ? Y  $	 I
 I&   {egjGzvyqg¯xyg}Y{rsvIq E 




dv]±³vyh.}ytsrwµij  &­ jZ}~tvQqgjMjM_}yq¸rwqO®Y}~rw}yqI{5 P Y ­ erwze_r'}±³vIhgtw}]vy±{egj/±³vIh0Gi}YlABi P ­ ejij 0 rw}j{jihGrwqgr{rwz'{}~q¬¬zjipvY®yjMA? Y e? P ·degjjit}Y{rsvIqjM¬jMqgvIq#{egju®Y}~twrwrs{#vy± {egjzvIqYgqz{rwvyq]v~± P   nYu}~q$ P Yy·
*Ì,+-/. ¦ .BÐ0- {I#!"$# y 0#g ? +lf .i .  0>qi  6-#8qg % . "D&/`i *G# :g/.1  fmv >6/% . )9fmipgqi #mf
 @ Y IW@ P W V  .i i #0  @ Y I-@ P Fk  : qLWglfJ& %1%  V f
  @/Y{I-@ P Pk  :3q .  #.i *G#5q } p7Ç/l\g 0?"9@ P k  qW/ q }=p7Ç/l! g/0"9@/Y>k q /YWq  0Gi}Yl B i P g 0" 0G @/Y  B@ P W
  @ Y I-@ P 3k  : q u U:. h @ Y I-@ P 3k  : q    @ Y IW@ P Fk  : UvW
  @ Y I-@ P 3k  : wxq .  w
! @ Y IW@ P Fk  : q Ku
 Oh';vytwrwz#{}Y{j\@ Y rwqÃÉPp Y rwtsrwqgÄIjM¸{v¸}F>h¬vItsrzZ{}~{j\@ P rwqÃÉPp P  7­ rs{{jMq@/Y" @ P   rD @Y{IW@ P jk  :  P !\nY!" P YI·|À¸jjMqgv~{jO# @{egjtw}yqgxy}yxyj}IzizjM{jDO0   @`½·\rsq¶¹w  º   {ejuji¯qgjih.jMqI{jit}Y{rsvIq²rj¯¬qgjM]}y}GjM{rwz{rwvyqv~±$7·









d v gjMzrs;j {egj ji¯qgjih.jMqI{Ãjit}Y{rsvIq  Z­ j ÄyjMji
{egj {}~qr°{rsvIq vy±¸ÉPp Y ­ egrwze}yj t}~;jitwjM rwq
RTSU P   g{qj ­ {}~qr°{rsvIq¿Å³{egv>jrwq RTSU Y "RTSU P Ê¶{e}Y{ }~j rwq>{vzjDOÁ{egj ji¯qgjMhGjMq>{}~j zivyqrwgjijM }I % ´J{}~q¬rs{rwvyq   rB· jy· f .1% #0'i
{}~qrs{rwvyq ÅÆjij 8&rwx·kyÊ   v RPSU<Y ¬jDzvyh.jD
RTSU P  $ % &  RPSU P'& · rstwjiq>{{}yqrs{rwvyq¬}~j qgvy{ }~twtwv ­ jD3{v¿{}~ÄIjzvIqI{vItÂvy±_{egjÁ´
{jMh ±³vyji®Iji   vnrwq¯qgrs{j }Y{e }~j!±³vygrw´
jiq ±³vyrstwjiq>{ {}~qr°{rsvIqM· À¸j }~tv jDIrsj
{e}~{ {}yqr°{rsvIq%±³vyh ÉPp Y v qgv~{ rsq>{vzij
qgj ­ jM}ItwvOzÄM· vIqjM>gjiq>{ts   ®OrwzM}yzir°{}yq
}9®Ij{ gvy;ji{rwjM¶}~j¼gjDjM®IjM ggrwqgx ji¯qgji´
h.jiq>{M·
*Ì,+-/. ¦ .BÐ0-)( > #ni ^ 6-#4g 0 g7)Ki .  0 .10zRTSU P u > #KiuÉPp P   ? P IW@ P Q I1RPSU P Im P  g 0"ÉPpQY  ? Y[I-@Y Q I1RTS<U P & Im Y  6# i V i -g/0:f .i .  0ofUvlfmi #&`fKu < *+#  # y 0# #0'iI #%Mgqi .  0_B ? Y E  ? P E .xf"7# yJ0?#"\glf i *G#D27 #Ugqi #&^6.10g/mv  #%Mgqi .  0 .10)%wz+"7#-" .10fKg[i .xf Uv .1032i *G#& %1% V .1032 )%Mg[zZf&#nf^
* u,+ ¥M¦i§ . ©y¦/¦i§Y¨ - ¥ . ¦ .ÆÐx- § Ìv+/-&Ì  Ì - ¦.-  @ Y  @ P !@ Y \ Y @9[Y =% 0/@9[P fKuLiu@ P \ P@ [P !\@ [Y @ [P < * .xf #Ug 0'fi1*'gqi. /g fmv >6/% . )fmig[i #>@/Yi1*+# # y 0#-"tfmvlfmi # .xf% .10 ,7#-" i `gAfmig[i #
@ P i *G#rgf6nfmi -g$)nitfmvlfmi # g 0?" .  -   @/Y=V # )Wg/0g-7?%wv g i -g 0'f-.i .  0 % #Ug7"/.1032i @^[Y Wi *G#0 i *G# # 9zZfmiP6-#_g fUipgqi # @^[P .10 i *G#gf6nfmi -g$)nifmvlfUi #8fmz+)*4i1*'gqi @9[P .xf #Ug7)-*:gf6% # 6Kvg-7?%wv .1032i1*+#9i -g/0:f .i .  0ei 9@ P Wg/0"9@9[Y `zZfmiF6-#I% .10 ,$#-"\i 9@9[P | f##1J.(2)u32n[u
¢
   >  I     Y   <       	 Y     	        r  
	    	 


      
   


        
    
system



































NFIMOHIMTS6NULKDVNKWXKNYH[Z]\T^`_bac^edgfh^`_jik _'^bl_[mon \O^bl_ ah^pd m
q8rsut'v]wxy+t'z{r+xzs |`x}t~v#sOtzxzw ^`_ |'z{r+w`#wO!y8wpt~[tzw@vsut's{y>wbzxtzxzw
^ed |`zr
wx>&tzT#x>@z=t~[tzw&vxy8s ||v ^`_A wpxycx>8,~]x}zT#xy
ts{zsOycwx>s{yD
z ^l_ ozr
w@y ^bl_ vtzws{ywz ^ed  t@w#wp¡!s, C¢£>C
¤CAEGNS6N ¥#¦ KR ¦§ S©¨<ª=Z«\O^`_a¬^edofh^_­X_ mQn \O^ed`­Ud m
q8rsut'v]wxy+t'z{r+xzs |`x}t~v#sOtzxzw ^`_ |'z{r+w`#wO!y8wpt~[tzw@vsut's{y>wbzxtzxzw




w@  t&ww¡!s, Co°£>C
¢6CAEGNS6N ¥#¦ M±8KDL[P8KN=¨K
Z\T^`_bac^ed m²n´³ \O^_Uik _'^l_ ik _µIµ@µ m
q8rsuthvwxy
t¬z{r+xzbs |cx¶t~v]sOctzxzw ^`_ G|¬zr
w¬wToyYw¶t~[tzw&v´sut¬s{yw¯z²x













È KVNMHIMTS6NÊÉÌË w&zpÍeÎ d¯ÏÑÐÒ'd[Ó#^edÔÓÕeÖ×d[Ó k d@Ø xy8ÙÍeÎ _`ÏÚÐÒÛ_>Ó#^`_&ÔÓÕeÖ×d i Ó k _IØ #wz  zxy+ts{zsOy t~[tzw&vt C ÍeÎ d sut}wToyYw#«&~}ÍeÎ _   s{zzw@yÍeÎ d½Ü ÍeÎ _ os | ^`_&Ô<aD^pdÔDC






("%->)²#@ß+<*I)"#IÁQÆÃ ^`_>\Tâ m %*
À%)
ãIÁÙ"-Þ(c$&-)¾+>+#("%->) ->Ä!"¼+(Æ+*"(>$&"*Ã*G"#@¿äÆÃ a ÇAå ->#@-Â>IIÝ ^ d \Oâ m IæD+(>À%*e"#-
aY\O^ _ \Oâ mm Ç
ç'ç'ç'ç'ç'ç'çç'ç'ç'ç'ç'ç'ç
ç'ç'ç'ç'ç'ç'çç'ç'ç'ç'ç'ç'ç
è è è è è è èè è è è è è è
è è è è è è èè è è è è è è
é'é'é'é'é'é'éé'é'é'é'é'é'é
é'é'é'é'é'é'éé'é'é'é'é'é'é
ê ê ê ê ê ê êê ê ê ê ê ê ê












à)Þ6Ç8öÝ6á}Àu(Æ8@À=á',"#¼ ^ _ ­ _ @" ^ d ­ d "#¼
b#I*ß6<$"#Â}ß+("#*½->Äg$@->)¾6>
("#-)+*





úeû HIKN ¦ MONPaHIS«üþýÿÙR















      	  3Z         ¾  DIA  	% I
qgvy{|{jMh.rwq}Y{jy·|dvZegjMtsF{jih.rsq¬}Y{rwvyq  ¬­ j'j'}IzizjMtsjM}~{rwvyq]v~±7{egj}Iz½{rsvIqi·|ÀjGj¯qj
}~qv~{ejipjMtw}~{rwvyq   ¾   rsqgx{rz½{p{}~q¬rs{rwvyqFzitsv>gjy·degjMq   ¾ r1{egjxIjD}Y{ji|rsq}y
jit}Y{rwvyqÂrsqzits¬jMÂrsq }~q¬Â}Y{r±³>rwqgxQtw}yjD'   k  @g  #vy±
	|ji¯qgrs{rwvyq¶¢ ­ ejij} rw
jigt}yzijMpO B%·degjzvIhG{}~{rwvyquv~±O¾ rh.vyj7twrsÄIjitw|{v1¬jj@jMz{rw®yj\rsq¬zj\}IzizjMtsjM}~{rwvyq
egjMts\{jMh.rwq}Y{rsvIq· ]|rsqx¾¿rwq{jM}I/v~±%G{v®yjMrs±³j¯¬qgjih.jiq>{rw¬v>rwgtsjr@ Y Q Z@ P Qr|jDIrs®Y}~twjiq>{p{v@ Y Q ¾_@ P Q · ]1q±³vI{gq}~{jitw   rwq¸OjDz½{rsvIqF  @­ jegv ­ {e}~{prs{rwqgv~{p{ejzi}IjI·1v ­ ji®yjM  O­ juzi}~q®yjMrs±³#zivyqrs{rwvyq¬{e}~{1jiqgj{egrjM>grw®9}ytsjMqzjI·
    " 4]²i² * u."²
«q/vyjM{vjDzrj{ejji¯qgjih.jMqI{  y­ j ­ }~q>{@/Y Q )@ P Q }yq@/Y Q ¾_@ P Q {vu;j1jM>grw®Y}~twjiq>{M·degr'r'{egjzi}yjZrs±{egjzvIq¯xy}~{rwvyq @Y Q }~q4@ P Q }yj#jM>grw®9}ytsjMq>{±³vyGjM}IzeÃzt}~jji¯qgrwqgxp}~q¾F·«qu{erw&jDz½{rsvIq  9­ j7¯¬{egv ­ {e}~{7t}~jM k  Y }~q1v~±	j¯qgrs{rwvyq¢
}~j\jD>grs®Y}ytsjMqI{&±³vy&¾ }yq ;·degjiq ­ jev ­ {e}~{&rs{7rw&qgvy{{egjzi}yjS±³vI\tw}yjy·8rwq}yts
­ jpji¯qgjvyh.jzvyq¬r°{rsvIq  >­ erwze]}~jjD}y.{vG®yjMrs±³Z}~{vyh/}Y{rwzM}~twts   gqjM ­ egrwze²{ej
jM>grw®Y}~twjiqzijrwxI}~}~q>{jijM·
/! A I!2B;()#(  @C25*6  =&H  25*6"! 2 &:#j#$#<B;,&% 2I!#*+
jDzi}~twt&{e}~{¾ B U}~q¬ eB U}~q¬F{e}Y{ r}jMtw}~{rwvyqFtwrsqÄ>rwqgxQ{}Y{jMpv~±{}~qrs{rwvyq
O{jMh/i·.degjiq   rsqzij.jMtw}~{rwvyq¾ }~q F}~j/j¯qjMjDzgrw®yjMts  0­ j.e}9®Ij'{v]g{ 
rwq]{egjrwxye>{1}~{1v~±&{ejrsh.gtwrzi}Y{rsvIq1vy±{egj'zitw}yjD{v/®Ijir°±³#{egjMrsjM>grw®Y}~twjiqzijy·dej
±³vytwtwv ­ rsqgxp{egjMj/jMhGh/}I7j gjMjD{egj1jD>grs®Y}ytsjMqzj±³vItw}yjD\k  I }~qGuv~±@jit}Y{rwvyq¬
#}yqZ¾F·7\vOv~±Æ±³vI{egjDjutwjih.h/}yzM}~q¬j±³vIgqrwq]|g;jiqr '·
'\Ì   ¨ d < *+# &/%1% V .10 2+lf .i . /0:f * Gg/0" H _g  #I#YOnz .8qg % #&0 i
*  @ Y _@ P !@ Y & Y @9[Y G%  @^[Y e@ P  H } @ Y ¾8@ P !}@ Y &( Y @9[ BY &%  @^[ BY 4@ P Ru
degr&hGjD}~q {e¬}Y{7r°±¬{ ­ vpOh¬vItsrz{}~{jD @ Y }yq@ P ®Ijir°±³p{ej{g{{jMrwqgx{}~qrs{rwvyqzt}~¬j±³vI\jit}Y{rsvIq9]Å³jM·&¾²Ê   {egjiq/{egji.}~tv®yjMrs±³'{egj{g{{jMrwqgxu{}yqr°{rsvIqZzt}~j
±³vyjit}Y{rsvIq#¾ Å³jM· Ê½·
'\Ì   ¨ M < *+# &/%1% V .10 2+lf .i . /0:f * Gg/0" H _g  #I#YOnz .8qg % #&0 i
* G @ Y @ P !@ Y g Y  %  @ P g P  H _ @ Y ¾ @ P !@ Y (g Y  %  @ P (g P Ku
«qÂvy{egjM ­ vIg   rs±\{ ­ vOh';vytwrwzG{}Y{jMA@ Y }~q¬ @ P ®Ijir°±³{ej.zitw}yj'±³vIuqgv²qj ­jD}ytwvyÄ#±³vyjMtw}~{rwvyqÅ³jM· ¾²Ê   {egjiq {egjM%}~tvU®yjMrs±³¼{egj_zt}~¬jÂ±³vyqgvUqj ­
jD}ytwvzÄO±³vIjMtw}~{rwvyq²¾ ÅÆjD· Ê½·
'\Ì   ¨ y < *+# &/%1% V .10 2+lf .i . /0:f * Gg/0" H _g  #I#YOnz .8qg % #&0 i
* G @/Y@ P [% wk @/Y &Y@9[Y & Y*)+)+)W H G @/Y¾ @ P  % w @/Y &(Y@^[ BY &,(Y-)+).)WKu
«q¶v~{egji ­ vyg   rs±{ ­ vFOh';vytwrwz/{}~{jM@ Y }~q¬4@ P ®yjMrs±³F{egjZqgvIq % ´»rw®yjMxIjiqzijzt}~¬j±³vI\jit}Y{rsvIq9Å³jM·&¾²Ê   {ejiq.{eji/}~tvu®Ijir°±³{ej|qgvIq % ´»rw®yjMxIjiqzij1zt}~j±³vI
jit}Y{rwvyq²¾ Å³jM· OÊ·
/  A I!2B;()#  o=&H/o,!(*/=5+#0#=B;,&% 2 I<#*+ += A I<2 B()#  =GH1!
«q{egr1jMz{rwvyq  ­ jj gt}~rwq ­ eOt}~j.v~± Zrwqv~{1jM>grw®Y}~twjiq>{{v#t}~j.pvy±¾F·
 
   L  	  3 	 A      ¾  D I  	%L            	   <
'\Ì   ¨ . C %LgqzZf# *  .1 ?% . #nf C %MgqzZf# * ¾ u
! @ Y @ P !_@ Y#\ Y @9[Y &%0/@9[P fKuLipu@ P \ P @^[P !_@9[Y 4@9[P !G%! @ Y ¾ @ P !G@ YP\ ( Y
@9[ BY G% 0/@9[P fnuLipu@ P \ ( P @9[ B P !\@^[ BY  @9[ B P !Ru
«q]v~{egji ­ vyg   rs±&{ ­ vZ>h¬vItsrzu{}Y{jM/@Y}~q @ P ®yjMrs±³²{rwz{{}~qrs{rwvyq]ji¯qgji´h.jiq>{pzitw}yju±³vyjMtw}~{rwvyq    {egjiqQ{egjiQ}ytwv/®yjMrs±³{rz½{|{}yqr°{rsvIqj¯¬qgjih.jiq>{zt}~j
±³vyjit}Y{rsvIq#¾F·
'\Ì   ¨ > C %LgqzZf# * ¾ "$#nf
0[iL.1 %wv C %LgqzZf# * Qu
! @ Y ¾@ P !r@ Y \ ( Y @9[ BY =% 0/@9[ B P fKuLiu @ P \ ( P @9[ B P !r@9[ BY k@9[ B P - - @ Y  @ P !@ Y \ Y @9[Y G%  /:@9[P fKuLipu>@ P \ P @^[P !@9[Y  @9[P !Ru
«q]v~{egji ­ vyg   rs±&{ ­ vZ>h¬vItsrzu{}Y{jM/@Y}~q @ P ®yjMrs±³²{rwz{{}~qrs{rwvyq]ji¯qgji´h.jiq>{uzt}~j±³vIpjit}Y{rsvIqQ¾   {ejiq ­ j.zi}~qÂqgv~{xy}y}yq>{jij{e}~{{egjiF}ytwv#®Ijir°±³Q{rwz{
{}~q¬rs{rwvyqji¯qgjMhGjMq>{zitw}yj±³vIjMtw}~{rwvyq¬·
Og¬v>jutw}yjG|r}~{r¯¬jM/±³vI\¾F·Sdejiq   }GOh';vytwrz|{}Y{jt@ Y rtsrwqgÄIjM/OQ{v
}/>h¬vItsrzu}~¬{}Iz½{|{}Y{j @ P ·8vIh @ Y  ­ jzi}yq]}yggtw^ B  twjM}Irwqgx.{v#}@^[ BY ·8gvyh@ P ­ jGzi}~qF}ytwvZ}~gts ^ B }~qFxyv.{v{}Y{j@ [ B P ·QvIjMvY®yji   @ [ BY }~q¬ @ [ B P }~jutsrwqgÄyjDO 7·]degjZj¯qjih.jiq>{jit}Y{rwvyq Fevytgrs±1}~twtSrsq>{jihGjDr}Y{jZOh';vytwrwz/zivyq¯¬xyg}Y{rsvIq
jM}yze¬}~gtwj±³vIhC@ Y }yq}@ P O}yggtwOrsqgxuzizijMrw®yjMts`^Â}~j}~tvutwrwqgÄyjDO 7·3{   {egrwzi}yqgqgvy{1¬jxI}~}~q>{jijMrsqzij ­ jutwvOvIj{egj{}yzjvy±&{egjrwq>{jih.jMr}Y{jOh¬vItsrzu{}Y{jMM·
Ov   tw}yj|±³vy rw&qgvy{7xy}y}yqI{jijD{vp¬j}Y{rw¯jM·degrrw&rwtstw{}Y{jM>  }yh.gtsjk·
a;b ¨4c ÌM > #Ki3^	 g/0" ^ Y 6-#=#mf +#)Ki .8 #%wv\g/0eg7)Ki .  0  i *G#  # yJ0#-"fUvlfmi #& g 0?"\g/0
g7)Ki .  0eg i *G#9gf6nfUi -g$)nifmvlfUi # fmz+)* i1*'gqiB

 0 \  ! F P I-F P   2 P I2 P --E 2 P I1S P n 2 P I)S P KS P I1S P -E
 0 \   - FI-F  2qI32n--E 2lI)SKnSqI1SR-E








 ! FI-F  2lI2n!WE[ 2lI1SKK2lI)SK-E{S[I1SKWE
> #  6-#i1*+#= #%Mg[i . /0 fmz+)-*ri *:gqi 
 0'  ! F P I-F o2 P I32K S P I)SK!WE_g/0"`@ Y W@ P 6#i V }fmv 6-/% . )fUipgqi #nf % .10 ,7#-" 6nvfmz+)-*i *:gqi @ Y  F P  2 P -E\g 0"@ P   F  2n-E u
 TV # g$%wv ^  i ;@ Y W/V #23#Ki3i *G#
)-/0RyA2{z -g[i . /0}^   @ Y   F P  2 P  E S P S P u TV #g$%wvA^ZYDi t@ P WXV #23#ni5i *G#
)- 0 yA2{z -gqi .  0}^ZY  @ P   F  2n-E<S{u < *+#mf#Ai V   #mfmz %wi .1032)- 0 yA2{z -gqi .  0'fGg/ # 0qi % .10 ,$#-"=6Kv  6-#-)UgqzZf# ^   @ Y -9  F ?2nWE<SS
WTVA* . )-* .xf!0qi
.10)%wz+"$#" .10  F  2n-ES{u
 jV #9g$%wv9^ B i @ Y W V # 2$#Kii *G#I)- 0 yA2{z -gqi .  0^ B  @ Y    F P  2 P WErS P S P SREP u V #g7?%wv\^ BY i G@ P W%V #23#ni;i1*+#)-/0RyA2{z -g[i . /0 ^ BY  @ P 9  F,?2n-ES<SRE u < *+#mf#\i V  #nfmz %wi .10 2 )- 0 yA2{z -gqi .  0'f}g #!% .10 ,7#-"b6Kv 6-#-)UgqzZf# ^ B  @  Y -P  F /2n-ES<S<S E
WFVA* . )*
.xf
.10)%wz+"7#-" .10  F 2n-ES<SRE u
/@  *( B/& ,!*/. #<B,&% 2 I<#*PJ #
«q]{erwjDz½{rwvyq  ­ jegv ­ {e¬}Y{;@ Y Q Z@ P Q rjM>grw®Y}~twjiq>{1{v\@ Y Q ¾_@ P Q gqjMvyh.jG´zrwjiq>{1zvIqrs{rwvyqM·«qZ{egjgjDzjDrsqxGjMz{rwvyq  ­ jp} ­ {e¬}Y{tw}yjp®yjMrs¯jM#O.¾3vOjM
qgvy{rwh.gtwZ{e¬}Y{tw}yjGr®yjMrs¯jM²OG;· { ­ juev ­ {e}~{{egjrwh.gtsrzi}~{rwvyq]egvItwgrs±
jM}Ize}Iz½{rsvIq²vy±ÉPpQYI # yJ0?#mfrs{1zivyjD;vyqgrsqgxG}yz{rwvyqrsq]ÉPp P ·«q vygZ±³vyh.}ytsrh   {egrw#h.jM}~q¬.{e}~{#jM}IzeU¬}~rwZv~± ­ vyg 3I.jMzvIxyqgrwµijD O }
{}~q¬¬zjiv~±S{egjGji¯qgjMÂ{jih rptsrwqgÄyjD]{v}#¬}~rw|v~± ­ vIg` [ Iv[x|jDzvyxIqgrwµijM]O
y
            	   <      	  3Z         ¾  DIA  	% I
{ejzvIjM;vyqrwqgxp{}~q¬¬zjiv~±@{ej}~¬{}Iz½{{jihÁrsq/{egj1±³vItstwv ­ rwqgx ­ }9  3I [L3k  
 P !\ Y !\ P Y   }yq  Iv[x9k   P !\ Y !\ P Y   rB· jy·   QF  [}~q ZP  [J·dv#®Ijir°±³{e¬}Y{}yqZ}yz½{rsvIq.v~±0ÉPp Y  # yJ0?#mfrs{zvyjM¬vIqrwqgxp}Iz½{rsvIq/rsq pÉ P  >­ jqgjijDG{egj±³vItstwv ­ rwqgxqgvy{}Y{rsvIq}~q¬#qgvy{rwvyqM·
*Ì,+-/. ¦ .BÐ0- d  < *+#rfmv 0)-*  0+.5#-":? 5"qz+)Ki J Y g 0og[zi /}g[i /0 J   ?;IT}IÉ/I3U<Ql
V .i * .i f#&%  .xf i1*+#g[zi /}g[i /0 ? ?;IT  T}IÉP[IRU<Q I6U<Ql! VA*G# #k!U P I6UKY mI m P I)mlYRmIU[P I3U[Y !;}]ÉT[J.  U P I1m P I3U[P ;}²É1g/0"_UKY I1mlY{I6U[Y ;}]É`u
ji{ 0 vY®yjM;? Y  ? P ;j'}/ji{jih.rsqrw{rz{}~q¬¬zjiÅÆ}Zji{jMh.rwqgrw{rz}y{vIh.}~{vIq¬ÊzvIjM;vyqrwqgxQ{vÂ{egjjMtw}~{rwvyq    }~q 0 Y ¬j²{egj]>q¬zegvIqgrwµijMÃgv¬z½{.v~± 0 ­ r°{e
rs{jits±·&0 Y rj¯qjMvY®yjMA- ? Y'? P 3e? Y' ? P !·ji{U¬j}]±³gqz{rwvyqÃjiq¬}~h.rsqxFtw}y¬jMtw'v~±{}~q¬rs{rwvyq±³vyG}~{vyh/}Y{}]vY®yji'}~rwv~±
}yrsvy±tsji{{ji twrsÄIj0 Y zeu{e¬}Y{bs'- ? Y? P A? Y? P -> !? Y? YK  ? P ? P !}~q¬ -m P I)m Y mI m	{I)m
R!  !m P I1m	 mIRmlY[I1m
l!½·\»±0
Y  !- ? Y^ ? Y Ze? P ? P !nI3T T}IÉ [ I U<Q I6UQl-   {ejiq 0 Y   !? Y k? YR^  ? P ? P !nI3T  TIÉ [ IRUQ I3U<Ql!½· dejt}~qgxI}~xIj]}Iziziji{jM¼O 0 Y r 
 0
Y
 ~ $)!  IZnIR x[ I [!kM3I [x} 
 0`!D  Iv[=}

 0`&I·
vyq¬rji'{egjzvIhG;vIrs{rwvyqÃvy±{egj#{}~qziji 0 \ ±³vy.}~qÃ}Iz½{rsvIq^ v~±{ej#j¯qgjDO{jMh ­ rs{e]vyg1}y{vIh/}Y{vIq$0 Y }yzizivyrwqgx'{v 	|ji¯qgrs{rwvyqQg·t}~jur®yjMrs¯jD#OGZqji{egj±³vytwtwv ­ rsqgxGeOO¬vy{egjDr
]Í c Ð ¦, Ì ¥ . ¥ d ( * u<#x`UJx! ^ P ] } RPSU P !^ Y ] } RTSU Y &% 
 0 \  e M 0
Y
  B 
 0 \  e -Ku
H uF# 3ImJx!  IZ;} 
 0 \  e &% /% [ Iv[Kut  Ix[LZ} 
 09)!   Iv[Z} 
 0`-
degr/zvIqrs{rwvyqU}9{e}Y{.±³vI.}ytst}yrsGv~± ­ vIg3IjDzvIxyqgrwµijD_OÃ}F{}yqgzjM
0 \  e zivyjD;vyqgrsqgxG{v²}~qF}Iz½{rsvIqQv~±{egjji¯qgjDQ{jih   {egjMj'j rw{}/}yrsv~± ­ vI [ I [x|}yzMzjig{jMF>{egj'{}yqzjM 0 \  e zivyjD;vyq¬rsqx/{v}~qÂ}Iz½{rwvyq ­ rs{eÂ{egj.}~h.jt}~;jit7rwqF{ej.}y{}yz½{uO{jMh   zeÂ{e}~{G3I [L9}N0 }yq  Iv['}N0   rB· j   QP x[
}~q¬j  [ ·  g}yhGtsj  rstwts¬{}~{jM{e}Y{*1O;v~{egjMrw.GrqgjMzijM}y²{v]®yjMrs±³]{ej
j¯qgjMh.jiq>{M·
a;b ¨4c Ì~y C /0:f . "7#()g/ ?% # H u{I#D*:g 8 #@

 0 Y  0 \  !; h- FI-F$ 2lI32n--E{2lI)SKn 2lI1SRnS[I1SKWEW5VA* . )-* .xf=0?qi.10)%wz+"7#-" .10 
 0 \   ! FI-F   2lI32n--E{2lI)SKnSqI1SR-E u C /0:f#YOnz+#0'i %wv
W v+qi *G#nf-.xf * "75#mf 0?qi*G % "eg/0"i1*+#  #'
yJ0?#&!#0'i .xf
0?qi 8 # . yL#-"{u
* , ÌOÐ § Ì  dA0?"7# v+qi *G#nf-.xf * W>i *G#Afmi  . )ni # yJ0?#&!#&0 i C %MgqzZf#&  .xfAfKgqi .xfy#-"{u
F  5 . "7#Ug{u  j{^ ¶;j|}yq.}Iz½{rsvIqGj¯¬qgrsqx}~qZ}yz{rwvyq^ Y vy±;{egj|}y{}Iz½{SO{jMhÁ}IzizivyO´
rwqgxG{v 1O¬vy{egjDry·Smprw®yjMq@/Y}yq\^	   @9[Y  H$ %k / ~} @/Y !  IZ;} ^	Z&u}~q@9[Y rw
qgvy{Sjih.{y· ji{I;j ­ vI&zeG{e¬}Y{}r@/Y !9 IZZ}r^	·3jDzi}~¬jv~± 1O;v~{egjMrw
   {egj}~rw QmI:! j r{&}yqu;jitwvyqgx>{v;^ Y ·&deO   Q;} @ P   v";}r@^[P }yq@ [P rqgvy{|jih.{I·²gj¯qgrs{rwvyq    @ [Y ; H$ k }@ [Y &j h$ k / b}@/Y=!e3I3}^  &I·G|>;v~{egjMr/  ­ j/}~tve¬}9®yj$)3IkM3I }^  &rB $)  IZrk QmI!n}
^ZY &>·Ov  g­ juzM}~q ­ rs{j  @9[Y B $ k / b} @ Y !eQmI Z-3} ^ZY;&I·²ji¯qgrs{rwvyq 
 @ Y ; $	Qk  } @ Y &   }yq ­ jzi}~q ­ r°{j  @^[Y /B$	k /  } @ Y X! I!P}
^ZY &>·uÀj.}~tv#e}9®Ij @ Y AB @ P ·vyqjM>gjMqI{ts  @­ j.zi}yq ­ rs{j, @^[Y AB $	 Zrk / }@ P ! I!T}r^ZY5&I·degjij±³vIj   @9[P  H$  k /}@ P !e IQ3}^ZY5&I·Ov    @^[Y /Bk@9[P}~q¬Z{egjzt}~jrw{gjy·
* , ÌOÐ § Ì  MA0?"7# v+qi *G#nf-.xf * W @/Y Q ¾_@ P Q .xf #YOnz .8qg % #&0 ii  @/Y Q Z@ P Q u
F  5·J8vIhÁdejivyjih3|}yqGjMh.h.}   tw}yj'1v~±%rwjM>grw®Y}~twjiq>{S{v/tw}yj1v~±0¾F·
Orwqzj  jih.h/}]   k   xy}y}yqI{jij{egj'jM>grw®9}ytsjMqzj;j{ ­ jijMq²{egjuv~{egjizt}~jM  ­ je}9®Ij
Dk
   L  	  3 	 A      ¾  D I  	%L    Y 
  
      / %   	   
@ Y Q ¾_@ P Q @ Y Q Z@ P Q ·
1O;v~{egjMrw²²zM}~qÃ;j®yjirs¯jMÃ}Izizivyrsqx]{v 	|ji¯qgrs{rwvyq.Â}yq   ;j±³vyjZ{egj]}~ts´
xyvIrs{ehGrz®Ijir°¯;zi}Y{rsvIqQv~±S{egjGji¯qgjih.jMqI{pjMtw}~{rwvyqQ¾  0­ erwzerwpjMzrw¬jDFrwqF{ejqgjO{
jMz½{rsvIq·
/ [+#%&'2 +:, %># A =5EC$ B+23+:,<=>* =&H_2 q(Z,KE BPI<23+:,<=>*
«q ¹s  º  ­ j/egv ­ {e}~{{ej/ji¯qgjih.jMqI{jit}Y{rsvIqr}]¬jDzr}~t\zM}yjGvy± % ´«rshgtw}~{rwvyq·#»{
r ­ jMtsts´»Ä>qv ­ qZ{e¬}Y{|}]Å³grÖÊrwh'gt}Y{rsvIq]zM}~q¬jzivyh.g{jMrwq]}yq²rs{jM}~{rw®yj ­ }9 ­ egjiqvyqj
v~±\{egj/O{jMh/|r¯qgrs{jitwFg}~q¬zegrsqx·«qÂvIgp±³}yhGj ­ vIÄ   {egj{}~q¬rs{rwvyq¸{jih/p}~j
¯qgrs{jMts²g}~qzegrwqgx.rwqzij{egjj{3RTSU}~q ? }~j|¯qr°{jji{M·
vyq¬jDIjiq>{tw   {egj.jMtw}~{rwvyqF¾ zi}yq;j/zi}~tztw}~{jMÂOÂ} ­ rO{e´B¯¬{uj gtwvy}Y{rwvyqÂv~±
{ejj{&v~±jM}Ize}~gtwjS>h¬vItsrz\zivyq¯¬xyg}Y{rsvIqi·degrwj gtwvy}Y{rsvIqujM&zMzjDrs®IjSgqgji´
}~gv rwh/}Y{rwvyq¬vy±{egjtwjM}I{¯ OjD¬vIrsq>{zi}ytwzigtw}~{rwvyq²±³vy{egj'j{|vy±&jM}Ize}~tsjuzvIq¯xy´
g}Y{rsvIqi·d v/xIrs®Ij}/jMhGrs´»j@jMz½{rs®IjugvOzijMjp{vZgjMzrjj¯¬qgjih.jiq>{  g­ juh{|¬j}ygtwj
{vQzivyh.g{jZzvyh.gtwj{jitwF{egjZrwh't°{}~qgjMvypj gtwvy}Y{rsvIqÂvy±{egj.{ ­ vQ{jih/uOh¬vItsrz
jM}yze¬}~gtwjzivyq¯¬xyg}Y{rsvIqi· Àjvp{erw7jgtsvI}~{rwvyq'±³vIh {egjj¯qjMG{jih/jM}Ize}~gtwj
{}Y{jM   rsq¬zju¾ r|} % ´«rwh'gt}Y{rsvIqQv~±{ejji¯qgjDQ{jih ÉPpQYuO#{egjG}~{}yz{{jih
ÉPp P ·J8gvy{e}Y{   rs{1rwjMqgvygxIe>{{v/ÄOqgv ­ 
I· 1v ­ {vQxytwgj#Oh';vytwrwz/zivyq¯¬xyg}Y{rsvIq   À¸jZh'{jDzrj ­ egji{egjM{ej#zgjiq>{
zvyqg¯xyg}Y{rsvIq9@ Y v~±0ÉPp Y rw\tsrwqgÄIjM.O ]{vu{ej|zgjiq>{zvIq¯xIg}~{rwvyqGvyqgv~{D·3@ Pv~±@ÉPp P ·7degr7rSj@jMz{rw®yj1rsq¬zj ­ j1zi}yq.gjMzrj ­ ej{eji @ Y IW@ P 3k :  P !  Y !  P Yvyqgv~{D·
kg· 1v ­ {vzvyh.gg{j{egj1}Iz½{rsvIq7}yzMzjitwji}Y{rsvIq ±³vy{ej1}~{}yz{}yq'j¯¬qgjM.O{jMh/
{vzi}ytwzigt}Y{j1{egj|rwh'gt}Y{rsvIq   degrw\rwjMh.r°´»j@jMz{rw®yj;jMzi}yj{egjpzvyh.gg{}Y{rsvIq.v~±
{egj}IzizjMtsjM}~{rwvyqh/}9Zqgvy{{jih.rsq}~{jI·
 · 1v ­ {v'gjMzrjp{rz½{{}~qr°{rsvIq.ji¯qgjih.jMqI{   degr\rs±j@jMz{rw®yj|O.zvIhG;vIrwqgxu{ej
{}~qziji±³vyp{egjG}Iz½{rsvIqpv~±S{egj.ji¯qgjMÂ{jih ­ rs{e 0 Y }~q¬ÂzegjDzÄ>rwqgx#{e}~{jirs{egjM{egjut}~qgxI}~xIjvy±{egjujMgt°{rsqx.}y{vIh/}Y{vIq²rrwqztwjD²rwq{egjut}~qxy}yxyjpv~±
{egj{}yqgzjMvy± {egjzvIjM¬vIqrwqgx.}yz½{rsvIq²vy± {egj}~{}yz{1{jih vyqgvy{M·
¬· 1v ­ {v/jMzirwj{g{{jMrwqgxG{}~q¬rs{rwvyqji¯qgjMhGjMq>{   8vy{e¬}Y{  
ÅÆ}IÊ ­ je}9®Iju{v]zvIh.g{j{ej % ´J{}~qrs{rwvyq   rB· j   {egjqj ­ {}yqrs{rwvyq¬}IzizjMtsjM}~´
{rwvyq¬N{egjzi}ytwzigt}Y{rwvyq²v~±7} % ´B{}yqrs{rwvyqr1jMh.r°´»j@jMz{rw®yj7N
Å³¬Ê ­ jQh'{#zvIq{¬z½{.{egjOh';vytwrz²jM}Ize}~tsjQzvIq¯xIg}~{rwvyqGrwqgx¸{egj % ´
{}~q¬rs{rwvyq|±³vyh}zvyqg¯xyg}Y{rsvIq@ Y }~twjD}ytwrsqgÄIjMF{vr@ P ·'1jih/}~Ä{e}~{{erwqgjMjMg]} ­ rO{e%¯{]j gtwvy}Y{rsvIq v~±{egj¶ji{²v~±GOh';vytwrzÂzvIq¯xIg}~´
{rwvyq¬\jM}Ize}~gtwj1OG{egj % ´B{}yqr°{rsvIq}yq   zvIqjM>gjiq>{ts   zizijMrw®yj1g¬jM´
}~gv rwh/}Y{rwvyq¬vy±&}GtwjM}y{¯jM;vyrwqI{|zivyh.g{}Y{rsvIq·
4g· 1v ­ {v#gjMzrjtw}IzÄ²vy± % ´»jD}ytwvzÄ   8vy|{e}~{  @­ jj{jMz½{jM}ItwvOzÄ1±³vIh jD}yze
Oh';vytwrzjM}Ize}~tsjzvIq¯xy}~{rwvyq#vy±{egjuj¯qgjDhGvjMt grwqgx.{egjvIrsq>{1jOtsvy´
}~{rwvyqÅBjMj=8&rsx 4yÊ·
· 1v ­ {vjMzirwgjqvyq % ´»grs®Ijixyjiq¬zj    Zzrwjiq>{\zvIqrs{rwvyqG±³vy{e}Y{Sr{ej1}~jiqzij
v~±SzztwjMv~± % ´J{}~q¬rs{rwvyq|rsqF{egjGjD}yze}ygrwtsrs{#xI}yge· 	j{jMz½{rsvIqFv~±\zeÂziztwjM  
zi}~twtwjM % ´»ziOzitsjD   r1vIqgjrsqgx/}.jih.r°´»j@jMz{rw®yjgvzjMggj   j{}~rwtsjD#;jitwv ­ ·
À rs{egrwqQ{ej % ´J{}~qr°{rsvIq ­ je}9®Ij}I+qi #&0 i . g/%)Kv7)&% # ­ egjiq}ZOh¬vItsrzzvIq¯xIg}~{rwvyq
@9[&e}Ip}#qgvyqjih.{Qrwq>{jijMz½{rsvIq ­ rs{e¶}#>h¬vItsrzGzvyqg¯xyg}Y{rsvIq@¿;jirwqgxvyqgjGv~±\rs{
gjMjDzjDvyGrsq%}ÃjM>gjMqzjQvy± % ´B{}yqrs{rwvyq¬i·jji{\@  @3Q I:@ P I%JRJKJQI'@ N  @9[;j
 
    Y 
  
      / %   	         	  3Z         ¾  DIA  	% I
               

   

  













8&rsxIgju   vyq % ´«rs®IjixyjMqzj
{ejÂOh¬vItsrzQzvIq¯xy}~{rwvyq.vy±{egjÂjM>gjiq¬zjQv~± % ´J{}~qrs{rwvyq.±³vyh @ {v @9[J·jji{
p Q I0p P IJKJKJQIxp N ;j|{egjuvIgzj|¬}~{v~±jD}yze % ´«}~gtsrzi}~{rwvyq²v~±{egj¬vy{jiq>{rw}yt@ziztwjGÅBjMj8&rsx¬·gIÊ·7Àjue}9®Ij|{egj{ejMj±³vytwtsv ­ rwqgx.zi}yjM 
M }yjI·S ¬vy{jiq>{rw}ytzztwjzvIjM¬vIqg\{vZ} % ´«zztwjZÅÖ{egjiq]rs{1rw1}¯jD#;vyrwq>{1v~±
{egjjM>gjMqzjpv~± % ´B{}yqr°{rsvIqÊrs± p N  p QZÅÆjij  g}yhGtsjuOÊ½·
M }yjk·p ;v~{jMq>{r}~tzztwjvOjD|qgvy{pzivyjD;vyq²{v²}~qO % ´«zztwj'rs±5p N ~p Q  ÅÆjij  g}~h.gtwj 4yÊ·
M }yj  · K|{egji ­ rj  ­ j/zM}~qgqgvy{zvyq¬ztwj/}~q ­ j.h'{}~ggtwQ{egjZjD>gjiqzij.v~±
% ´B{}yqrs{rwvyq¬}yxI}yrsq²±³vIh{ejzvyqg¯xyg}Y{rsvIq p N  p Q ÅÆjij  g}yhGtsj>Êp·
a;b ¨4c Ì". > #KiC0 P g/0" 0 Y 6-#;iV i -g 0'f&"[z+)-#&UfO&  % 'pi -g/0:f .i .  0:f;g/0";@ Q 6#Ag/0.10 .i . g/%fmig[i # u {I#D*:g8 #@

 0 P    F} 2n `97 ?ER

 0Yl  2F `97 ?ER
@FQ% FZF E u
< *G#0W%6Kv g$%wv .10 2 fUz+)-)-#nfWf .8 #&% v0 P g 0?"0 Y -  @ Q WFV #I23#ni;i1*+# & %1% V .1032 f#YOKz+#&0?)#@@ Q  FZFE[I-@ P  ?2mF:E[I-@ Y  FZF:E{u  # #<W5i1*+# fqz )#:g/mi f Ai1*+# % 'pi -g 0'f .i . /0:fg  #I#YOnz'g/%i Gi *G#!)-  zi #-" )/0Ry2[z -g[i . /0:fKu E 
W;V #=*:g 8 # @ Q  Hp Q  jFZF E W3@ P  Hp P  2mF E W
g/0"qi@ Y  p Y  F)F:E u { # *:g 8 # g +qi #0'i . g % )nv7)% #^6-#-)UgqzZf#
@ Q `@ Y .xf 0?qi #  i v{u   #-8 #YW
V #D*:g8 #jp Q  p Y u C  0'f&#YOKz+#&0 i % v9i *G#+qi #&0 i . g/%)Kv7)&% #I)-   #nf G/0"qf i \g % ')Kv7)&% # u
a;b ¨4c Ì > > #KiC0 P g/0" 0 Y 6-#;iV i -g 0'f&"[z+)-#&UfO&  % 'pi -g/0:f .i .  0:f;g/0";@ Q 6#Ag/0.10 .i . g/%fmig[i # u {I#D*:g8 #@

 0 P   `87  H 4s[-E) F9HtB`87  H  sqWE s  FB`87H  sqWE

 0 Y   `87  HtERFZKs H;K!s`H 7`87H;--E
@ Q  h H 4s[-E F  H 4s[-E)u
< *G#0W%6Kv g$%wv .10 2 fUz+)-)-#nfWf .8 #&% v0 P g 0?"0 Y -  @ Q WFV #I23#ni;i1*+# & %1% V .1032 f#YOKz+#&0?)#@@ Q   H s[ E F H) s[ E I-@ P   H s[ E H H s[ E F H) s[ E I-@ Y  H/H E F H E u < *G# #.xfGgG[i #0'i . g % )Kv7)% #6-#-)UgqzZf# @ Q  @ Y .xf 0qi #& i v{u@ Q @ Y  H/HtE F)HtE)u {I#>V>g 0'i
i ,/0V . }i * .xf +qi #&0 i . g/%)Kv7)&% # .xf_g % ')nv7)% # u#1A i *:g[iPV #:)-  zi #Gi *G#fqz  )-#
:g/mi f
i1*+#9i Wg 0:f"[z+)#Uf & `i1*+# % 'pi -g/0:f .i .  0:fKu={I#D23#ni p Q'  H s[-ERF H s[-ERs H s[-EfW
p P  HtEKHs  H;-Eg/0"^p%YT  u E i *G#G[i #0'i . g %A)Kv7)% #.xfD0?qi
g % ')Kv7)&% # u
a;b ¨4c Ì\O > #KiC0 P g/0" 0Yn6-#;iV i -g 0'f&"[z+)-#&UfO&  % 'pi -g/0:f .i .  0:f;g/0";@3Q>6#Ag/0.10 .i . g/%fmig[i # u {I#D*:g8 #@

 0 P   `87  F:EnFn 2dSKB`872nWE






< *G#0W%6Kv g$%wv .10 2 fUz+)-)-#nfWf .8 #&% v0 P g 0?"0 Y -  @ Q WFV #I23#ni;i1*+# & %1% V .1032 f#YOKz+#&0?)#@@ Q  F:EnF2KE[I-@ P  F:EnF SW2RElI-@ Y  F:EKF)F2KE u @ fG@ Q  @ Y .xf 0[i #  i v
W V # *'g8 #4g+qi #&0 i . g/% )nv7)% # u {I# )-  zi #}i *G#9f[z  )-# :g/mi f!9i *G#}i -g 0'f"qz+)-#&UfYWg 0?" V #=23#ni;p Q  
F:EnF22RE@Wjp P  @ P  FEKF SW2KEW #Ki%p Y  FERFZF22KE{u @ f p Y .xf 0[iI#  i v
WnV # )Ug 0 0qi)- 0?)&%wz+"$#Ru { #:*'g8 #ei g?%wv i *G# i Wg 0:f"[z+)#Ufg2)g .10 -   p Q #p Y  F:EKFZF 2W2KE[u 9/v
g$%wv .10 2}i *G#;i Wg 0"[z+)-#&Ufg2)g .10W/V #23#&0?#&Wgqi #tg 27 V .10 2`f&#YOKz+#&0?)-#  )- 0 yA2{z -gqi .  0'f%(. ,7#
p Y  F:EnFZFZF22KE@Wi *G#0 p Y  F:EKF)FZFZF22KE
WL#ni )RuuuAg/0">V #I)Ug 0 0qi)- 0)%wz+"$#Ru
degj²ji¯qgjih.jMqI{GjMtw}~{rwvyqÃvY®OrjM}F±³vyh/}~t±³}yhGj ­ vIÄÂ±³vyG®yjMrs±³OrsqgxÂ}~}~h.j{jirsµMjM
O{jMh/   rsqzij ­ egjMq_{egj#ji¯qgjih.jMqI{Gegvytg   hGv>{v~±{egj²gvy;ji{rwjMu{e}Y{e}9®yjZ;jijMq
®yjMrs¯jDvIq¶{egj²}~{}yz{h.vjMt}~j/gjMji®yjDÂO{egjZj¯¬qgjM¶vIqgjFÅBOjMjF¹ 6Yº\±³vIh.vyj
ji{}~rwtÊ·
  '²"  '²*²"Z&"#  u/
«q {erw#}~;ji  ­ jFegv ­ {e}Y{#{egjFj¯¬qgjih.jiq>{#jit}Y{rsvIq {e}Y{ ­ jQe}9®IjFj¯¬qgjM¼rsqx
}yzMzjMtsjM}~{rwvyq/zi}yq/¬jpjMhGrs´«zvyh.gg{jM·derw}~twtsv ­ \7{v'®yjMrs±³{egjji¯qgjih.jMqI{jMtw}~{rwvyq




}~q¬{}~qziji}~q¬zvIhG{j\{egj}yzMzjitwji}Y{rsvIq0vy±{egj}yz½{rsvIq\ÅÆr°{r ;vIrwgtwj ­ egjMqu{ej
}yz{rwvyq}Y{rw±³/{ejzvyq¬r°{rsvIqxyrw®yjMq²rwq¹   ~ºÖÊ·7Àjuh{1}ytwvxIjiqgjM}~{j}GjD}yze}ygrstwrs{
xy}~e ­ egjij1{egjp{}~{jDSjixytw}y\t}~qgxI}~xIjMS}yq.{}~q¬rs{rwvyq}~j|}IzizjMtsjM}~{jD/}yz½{rsvIqSO
rsqx.}yq#jW;jDz½{rw®yjuzivyq{z½{rsvIq#vy± {ejj{vy±jM}yze¬}~gtwj{}~{jMM·7«q²{egr}~;ji  ­ jp}ytwv
gvY®Orwjjih.r°´«}~twxyvIrs{eh. {v.9Êzi}ytwzigt}Y{j{egjjD}yze}ygrstwrs{uxy}~gev~±{egj1O{jMh kyÊj{jMz{
}~¬jMqzj/vy±qgj ­ % ´»ziOzitsjDi·jih/}yÄÂ{e}~{'rsq¶vIg'}~gv>}yze   {egjZjM}Ize}~rstwr°{Âxy}~ge¸rw
jMOZv~{egji1}ytsxIvyr°{eghvy1jih.rs´»}ytsxIvyr°{egh/S{v/®yjMrs±³/{ejuji¯qgjih.jMqI{1zitw}yjDi·
*ÐÐ  B¥ · Àj]e}9®Ij²rwh.gtsjMh.jiq>{jDU}{vOvIt   ¬rwqgx_È R%p ¹wº1twrs}yrwjM'{v¶®yjMrs±³¶{ej
j¯qgjMh.jiq>{jMtw}~{rwvyq¸±³vy'}~}~h.j{jirsµMjM¸{jMh.}~q{egj/{vOvIt
	H2¹ëk9º\{vÂzivyh.g{j
{}~q¬¬zji }Izizijitwji}Y{rwvyq ·0SjDjMq>{tw   vyg{vOvItyxyjMqgji}Y{jMOh';vytwrz7jD}yze}ygrwtsrs{|xI}yge  
®yjMrs¯jDSj¯qgjMh.jiq>{;j{ ­ jijMqZ{ ­ v>h¬vItsrz1{jih/}yq#}ytwv®Ijir°¯jD\}Y±³ji{GvI¬jM{rsjD
±³vy1{egjDj'{jih/M·À ejiq]{ejji¯qgjMhGjMq>{|rw|qgv~{®yjirs¯jM   vyg{vOvyt¯¬qg{egjvIrwxyrwq]v~±
{ejZjivIM·/À¸jZe}9®Ij.jD¸vygu{vOvyt7{vQ®yjirs±³}~g{vyh/}~{rzi}~twtwQ{egj#ji¯qgjih.jMqI{;j{ ­ jijMq
{ ­ vtsjM®yjMtw\v~±j¯qgjMh.jiq>{vy±0{egjS 	 {jih ¹wM9º»·»{\{v>vIÄ]  jMzivyqgÅÆjij¹ 69º;±³vyh.vyj
ji{}~rwtÊ·À¸j/h'{uegv ­ ji®yjMpzivyh.gtwj{j{egrp±³}yhGj ­ vIÄ]OÂ}Igrwqgx#{egj/®yjMrs¯¬zM}Y{rwvyqÂv~±
ÇuÈSÉÈ gvI¬jM{rsjDi· À egjMq {ejF{vOvIt ­ rwtst¬j¸zvIhGtsji{jM  1­ j ­ rstwt;jÂrwq%h.jM}Ij]{v
ji®Y}yts}~{jp{ejzvyq>{rwg{rsvIq²vy±vy®yjirs¯¬zi}~{rwvyq²}yggvI}IzeZ±³vy¬}~}~h.j{jirsµMjM#{jih/M·
23Y&
¹wºdegjG rsfMxyj/1g{vyh/}~{}Y´»}IjDOOh';vytwrz |}~q¬tsjM#Å  pÊ½·& ®Y}~rwt}~gtwj/}Y{

  !#" $  &%('*)+-, ./&0 1 2 0  " )  '1   $ 43 ,$(. 4 '1, 354 
¹ëk9ºjMxygt}~ QvjMt egjMzÄOrwqgx ÅÆÊ· ®9}yrst}~tsj }Y{ 1+ 1
$  )1%4'1,$67  ' .   .*8 " )9.65 ·
¹  ºu·~1@gtwt}u}~q9p· ¡ vIqvyq ·GKq{ejjrw{jMqzjv~±;qgj{ ­ vyÄrsqO®Y}~r}~q>{±³vy®Ijir°±³Orwqgx
}y}yh.j{rwµijM/{jih/M· «q KtwjMvIx'}~q¬²>{j@jiq   jDrs{vy  AC   #)Ki E vlfmi #;:I#mf .(270
<>= #-)-#&0 i  0'f-.(2 *Zi fg 0?" @ "8qg 0?)#nf   ®yvItshGj.YO  v~± >@? CE¬  }yxyjMD¢ *A 6OO·OOgrsq´xIji´&B7jMt}~x   567676·
¹ ~ºu·S·1@gtwtw}   '·vI}YÖ}yqgr   p· ¡ vIqvIq   }~q¬ _·  rstvIq· }~qtwrwqgx¶xytwvy}yt
zivyqrs{rwvyq¬rwq¼}~}~h.j{rwµijD {jih ®yjMrs¯¬zM}Y{rwvyq · «q F  5)Ru * * i1*  0'ipu C /0nu
/0
54
 3 / 3  3 L3
C   zi # @ . "$#"  #& . y)Ugqi .  0 C@    WF8 /%wz !# * 2 2  > ?!CE¬  }yxyjD'   A i 4  
567676·
¹;49º ¡ · ´«u·01r}~tJ· < *G#I9 9 5,Y·Z}~hgrxIj ]1qrs®Ijirs{]SjD´1   4Ik´»$6Ig56$4  
5676y·
¹ Yº'·¬1qqgrwzersqgr   |·¬|}~rwq   }~q¬Q· vI}YÖ}yqgrB·OOh';vytwrwzp{jMzegqrw>gjD±³vy1¬}~}~h.j{´
rwz.jM}IvIqgrwqgx·Z«q F  ) u &0'ipu C /0nu /0 C /  zi # @ . "7#-"  # . yL)Ugqi .  0W C@   		W
8  %wz !# *
  > #)Ki z  # ? qi #nf=.10 C /  zi # E )&. #0)-#   }yxyjD56 A   ¬·OgrsqgxIji´
B7jMt}~x   k    ·
¹ Dº.·u·1{}yq 	'··|vIµijMq·rwhGrs{u±³vy'}y{vIh.}~{rzG®yjirs¯¬zi}~{rwvyqÂvy±¯¬qgr°{j´«{}Y{j
zivyqzigjiq>{\{jih/i· &0&  gqi .  0 F  )-#nfUf-.10 2 > #ni i #Uf   kIkgÅÆ>Ê     AO  6   Â}9²56y¢y·
¹ ¢Yºd·g|vIq   '·SqOgjitwr   @·¬}~e   ·|   }~qS·;¬zÄ;·7}~}~h.ji{jirwµijM#®yjMrs¯¬zi}~{rwvyq
­ rs{eZ}y{vIh.}~{rzi}ytstwzivyh.g{jM.rwqz{rw®yj|}Iji{rwvyqM·«q#mG·)ji   · vyh.vIq   }yq
'· 8&rsqÄyjit   jMrs{vI  ?F ) u &0'ipu C  0nu C@   	 * W;8  % z  # H * 	 H  > #)Ki z  # ? qi #nf=.10
C   zi # E ). #&0?)#   }yxyjDkIk A k  ·OOgrsqgxIjiB7jMt}~x   k   y·
¹ 6Yº=8·5jitwtsjMxI}~j   ·e¬}~tsji{   }~q¬ K·|vIzegq}yjMqgÄyv¬·1}/qgjiG¬vIg.®yoMrs¯jiGjM
{fih.jM.}y}yh.o{oMM· < #-)-* 0+.OKz+# #Ki E )&. #0)-#  0&/ }g[i .OKz+#nf   ¢¬ÅBk9Ê wy9k A yM$6  
k   kg·
¹w  º=8·RjMtstwjix>}~j  D¡ · ¡ gtwtwrw}yq   }~q K·|vIzegq}yjMqgÄyv¬·D1jM}ygI´«rshgtw}~{rwvyqrqgvy{ jD}y
{vGjgjD}Gh.vgt}~j¯qgjMh.jiq>{jMtw}~{rwvyq·&«q F  ) u &0'ipu C /0nuJ/0 1/0" g !#&0 ig/%
@ f +#-)ni f  E Ui V>g # 0327.10#-#& .10 2W,1 @ E  H 			   ®yvytwgh.jÃYY¢  vy± >@? CAE;  }yxyjD
kyy A k~¢  ·>grwqgxIji´&B7jMt}~x   |grwt k    ·
¹wyº p· vIrsxIjitwv~{\}~q¬.&·IÀvIts;jiD·OOh';vytwrwz1®yjirs¯¬zi}~{rwvyq ­ r°{eZ;jirsvrz1j{M·@«q > #-)Ki z #
? qi #mfD.10 C   zi # E ). #&0?)#   ®Ivytwgh.j¢M¢   ¬}~xyjD 474 A >·OgrwqgxIji´&B7jMt}~x   5676~¬·
¹wDk9º'·3vy¬}YÖ}~qr   p· ¡ vIqvyq   Ã·  rstvyq   }~qÃd·7dvygrwtwrB·¶jixIgt}~'h.vjMtzegjDzÄ>´
rwqgx·&«q |·· Sh.jMvyq}~q²··¬Or{tw}   jMrs{vI  +F  5)Ru &0'ipu C  05nuJ 0 C /  zi #
@ . "$#"  # . yL)Ugqi .  0W C@   		WP8  %wz !# *
  > #-)Ki z  # ? qi #nf .10 C /  zi # E ).1'
#0)-#   }~xIjM I5A M¢·>OrwqgxyjM´ B7jit}~x   k    ·
¹w  º _· ¡ · {twjiD·zM;k[ ¬g}Iz½{rwzM}~t}yggvI}Ize²{v#zvIh'grwqgrwqgx] }~q · 1/ }g/%
@ f +#-)ni f= C   zi .1032   9kwM¢Ik A 56y¢   k    ·
¹wi~º 1· Ã·St}~Äyj   K·Smpgh¬jMx   }~q¬U@· ¡ e}g· B7jMrs±³Orsqgx¸}y}yhGji{jMrwµijD_qgj{ ­ vyÄ
rwqgxU}y{}Iz½{rsvIq%}~q jixIgt}~#t}~qxy}yxyjMM· «q F  ) uIi *G#  i1* &0'i #& 0 gqi .  0g/%
C  05&#&#&0?)# /0 C /0)Kz   #&0?)nv < *G#- mv| C ?!C  =    @W F * .1%Mg7"$#&% G* . gW F @u  }yxyjD 6$4 A      567634·
¹w549º*'·vyh.vyq }yq  · ¡ gÄOrJ· Qgts{rwgtwjÂzvIgq>{ji/}~g{vyh/}~{}   }Y±³j{U}~q}ytsrw/}yq
gjMggxyjMG}yrs{ehGji{rz~·U«q F ) u 0 iu C  0nu C@    
 W 8  % z  # * ~ H  > ?!CE¬ 
OrwqgxyjM´ B7jit}~x   6$6y¢·
¹wMYº ¡ · 	rzÄ }yq%'·8¬}~rw®>jy·Á1{vyh/}Y{rsqxÃ{ejxIjiqgjM}~{rwvyq }~q jDIjiqzirsqgxUv~±u{jM{
zM}yjM±³vIh h.vjits´J¬}yjM ;jMzrs¯¬zM}Y{rwvyq¬i·1    2, &0"qzZfmi  . g % ' E i #&0 2[i * 1/ }g/%
 #Ki1*+"qf     O  Ogrsqxyji´ B7jitw}yx ëk~y¢ A ky¢~   |grwtS5676  ·
¹w9Dº 1·	Sh.jivIq }~q B·u}~etsvIq· jDzirsqgx_h.vjMtzegjDzÄ>rwqgx¶v~±{egjFh/}~qOÃ{v_{ej
±³j ­ ·«q  0 *  i1* &0'i #& 0 gqi .  0g/% C /0&# #&0?)-#  0 @ zi  gqi #" :I#"[z+)ni .  0j| C@ :'
*     ®yvItshGj.M   }yxyjMk   A k74$4   k    ·
¹wM¢Yº 1·7'· Sh.jMvyq }yq .·7@·  }yhv>erB·¶jM}IvIqgrwqgxÂ}~;vyg{rsqgx>i·«q F  5) u H$H 0"
@C  E "! FJ>A@ ? ' E "! @C <  0 iu E v  Qu? 0 F  .10?)&. ?% #nf  F   27-g/I.1032 > g/032{z'g23#mf
| F FJ>       }~xIjM¢$4 A 6~   }~q 8g}~qzirwzv   }~twr°±³vIqrw}  9¡ }~qO}y.5676$4g·Y|  SjMM·
M
 IA  	% I3  L	  	   Z:	 A  >	  	; ¾     
¹w6Yº 1·0'· Sh.jivIq}~q¬ .·@·  }yhv>erB·|{vIh.}~{rz'®Ijir°¯;zi}Y{rsvIqFv~±}~}~h.j{jirsµMjM
OqzegvyqgvI {jih/i·«q F  5) u  0 iu C  05nu C@    
   ®yvItsgh.jpy  kvy± > ?!CE¬  5676y·
¹ëk  º p· ¡ vyqvIqG}yq _·  rwtvyq·;d }~q¬rs{rw®yjztwvIgjMv~±;jMxygt}~jit}Y{rsvIq&±³vy7®Ijir°±³Orwqgx
rwq¯qgrs{ji´»{}~{j{jMh.M·&«q F  5) u  i *  0 iu C  0nu /0 < /% fg 0" @ % 2$/ .i1* f &  i *G#
C  0'fmi mz+)Ki . /0 g/0" @ 0g/%wvlf .xfI E vlfmi #&`fG| <$@C@ E  H 			U        }~xIjM|kIk 5A k  ·
OrwqgxyjM´ B7jit}~x   k    ·
¹ëkº  · jD{jiq   K· F}~twji   _· F}~z   ·@SqOgjitwr   }~q 1·Oe}~e¬}~D·OOh¬vItsrzh.vjit
zegjDzÄOrsqgx ­ rs{eQrzeF}yjM{rsvIq}~t0t}~qgxI}~xIjMM·«q &0  u!mz >6-#& 2 W#-"/.i /YW F )-#-#-" '
.10 2qf i *G# [i * &0'i #& 0 gqi .  0g/% C  05&#& #0)-#  0 C /  zi # @ . "7#-"   #& . y)Ugqi .  0 | C@  
*           }yxyjDOkY A   4·OgrsqxyjiB7jMt}~x   676OO·
¹ëkyk9º  jMtsrwjG }yhG;vy{M·QO;jMzir°±³Orwqgxzivyqzigjiq>{O{jMh/ ­ rs{e¶{t}  ·]«q C g % )Kz %Mg[i . /0g %
E vlfUi # :#nf .(2/0   }~xIjMM¢ 5A k~O   1h/{jMg}yh   6$676g·¬«q Â}~q±³jM vYQ}~q1}~ts±
>{jirwqOgxyxyjMq#jDr°{vyi·
¹ëk  º _· Â}~rtB·¬Uqgr°±³Orwqgxh.vOgjitzegjDzÄOrsqgxp}~gv>}yze±³vI7}~±³j{gvy;ji{rwjM&vy±¬}y}yhGji´
{jirsµMjM'{jih/M·>«q/mG·[ji   · vyh.vyq   }~q·/8&rsqÄyjit   jDr°{vy  $F  ) u  0 iu C  05nu
C@   	 * WF8  %wz !# H * 	 H  > #)Ki z  # ? [i #nf.10 C /  zi # E ). #&0?)#   }yxyjD  y A k  ·
OrwqgxyjMB7jitw}yx   k   I·
¹ëkY~º'·iSqOgjMtsr>}~q 1·YOe}ye}~D·qrw®yjiqjM0}~qu}IzizjMtsjM}~{rwvyqrsqu}y}yh.j{rwµijMp®Ijir°¯¬zM}Y{rsvIq·
«q C   zi #& @ . "$#-"  # . yL)Ug[i . /0W C@   		   ®yvItsgh.jQD¢$474#v~± > ?!CE¬  ¬}~xyjD  ky¢ A
  g  k    ·
¹ëk749º'·I·gOr{tw}}~q B·OmpOgri·7}y}yhGji{jMrwµijD®Ijir°¯;zi}Y{rsvIq/v~±twrsqjM}~qgj{ ­ vyÄ7rsqx
}y{vIh.}~{}G}yrwqO®9}yr}~q>{i· 1/ }g/% @ f +#-)ni f= C   zi .1032   IIÅ³OÊ    k A Ok74   6$676g·
	 ." '² Yu "   42 u  *

'\Ì   ¨ . C %Mg[zZf&# * &// .1 %(. #mf C %Mg[zZf# * & ¾ u
! @ Y @ P !_@ Y#\ Y @ [Y &%0/@ [P fKuLipu@ P \ P @ [P !_@ [Y 4@ [P !G%! @ Y ¾ @ P !G@ YP\ ( Y
@9[ BY G% 0/@9[P fnuLipu @ P \ ( P @^[ B P !@9[ BY  @^[ B P -
F  5nu7Àje}9®yj{v|gvOvY®yj&{e}~{  S &%  T{ ­ ejij|Å9Ê0r- @ Y t@ P !@ Y \ Y @9[Y &% /@9[P
M· {D·@ P \ P @^[P !4@9[Y j@9[P !/}yq ÅJkyÊGr ! @/YF¾@ P ! @/Y \ (Y @9[ BY  %  /@^[P i· {M·
@ P \ ( P @^[ B P !G@9[ BY  @9[ B P !·J8gvy{e}Y{ ­ jpgvOvY®yjPw
 T{G% w
 S ·\Ogg;vIj w
 T{·Sdegjij}~jk¬v>rsrstwr°{rsjD
M 8rw{   /@ [P i· {M·@ P \ ( @ [ B P g{nw
 @ [ BY  @ [ B P ·\gj¯qgrs{rwvyq @ [ BY  	 ]
 P @
]Y
i· {M·}@ ] OQPY \ @ ]Y ­ egjij@ QY  @ Y ·ZOv   {egjMj.j r{}Y{utsjD}y{uvyqgj/zvIq¯xIg}~{rwvyq
@Y Bh@9[ BY M· {M· w




] O%PP \ @
]
P­ egjij @ QP  @ P ·\Ov   w
 @Y %@P  ­ egjij @P B@9[ B P ·Sdegjij±³vIj   ZvOjMqgvy{1egvyt0·
M OjMzivyq   {egjijrwqgv@9[P M· {D·@ P \ ( P @9[ B P ½·SOvG{egjijrwqgv^¸{}~q¬rs{rwvyq#±³vIh @ P ·
8gvI{egjuvy{egjMzitw}yjM  >­ juev ­ jM>grw®Y}~twjiqzijpvy± {egjtw}yjMÅ9ÊÅÖ±³vIOÊ}yqÅJkyÊiÅÖ±³vy
¾²ÊuO_kFzivyq>{}~;vIr°{rsvIqM·Q}IjF²zvyjM¬vIqg{vFgv>vY®Orwqgx]{e¬}Y{nw
 S  % w
 T }yq
zi}IjkGzvIjM;vyqg\{v/vOvY®Orsqx'{e}Y{Tw
 T G% w
 S ½·S1jMzi}ytst{e}~{
_B ¶}~q#¾ B 7·
'\Ì   ¨ d < *G#L& %1% V .1032I -Gqf-.i .  0'f`g  #I#YOnz .8qg % #&0 iu
* G @/Y r@ P !\@/Y &Y@9[Y &%  @9[Y 4@ P  H G @/Yu¾ @ P !_@/Y &,(Y@^[ BY &% @9[ BY 4@ P 
9
 IA  	% I3 L	  	  3 	 A  >	  	; ¾     
F  5·  ¨g¥ Ì d (pOg¬v>j @ Y @ P   @ Y & Y @9[Y }~qw
 @9[Y  @ P ½·²ji¯qgrs{rwvyq@9[ BY   ]
 P @
]Y i· {t@ ] OQPY & @ ]Y ­ ejij@ QY  @ Y ·1Ov   @^[Y B@9[ BY ·vIqjD>gjiq>{tw w
 @9[ BY %@ P }~q¬ ­ j}~jpgvyqgjI·
  ¨g¥ Ì M)( Og¬v>j@Y¾_@ P   @/Y &(Y @^[ BY }~q¬ w
 @9[ BY  @ P ½·  gj¯qgrs{rwvyqD@9[ BY   ]
 P @
]Y M· {D·D@ ] O%PY & @ ]Y ­ egjij@ QY  @ Y ·%Ov   {ejijjrw{@Y }~{.v~±t@^[ BY i· {M·
w
 @Y %@ P }yq ­ ju}yjvyqjy·
'\Ì   ¨ M  < *G#L& %1% V .1032I -Gqf-.i .  0'f`g  #I#YOnz .8qg % #&0 iu
* G @/Y@ P !@/YPgYR %  @ P g P  H _ @/Y¾ @ P !@/Y (gY  %  @ P (g P 
F  5·  ¨g¥ ÌDd (]gg;vIj}@Y}@ P   @/Y g Y/}yq w
 @ P g P ½·.»±qgvQ}yz½{rsvIqe^ zi}~q¸;j}~gtsrwjMF±³vIh @/Y   {egjMqqv}Iz½{rwvyqe^ B zi}yqÂ;j.}yggtwrsjDF±³vyh8@Y~·'»±
^ zi}yqÂ;j.}yggtwrsjD
±³vyh1@ P   {ejiq^ B zM}~q]}~tvG¬j}yggtwrsjD²±³vIh1@ P ·
  ¨g¥ Ì M)(Ogg;vIj@ Y ¾_@ P   @ Y (g Y }yqw
 @ P (g P ·»±7qgvZ}Iz½{rsvIqr^ B zi}yq]¬j'}yggtwrsjD±³vyh @ Y   {egjiqQqv#}yz{rwvyqr^ zi}yqQ¬j}yggtwrsjD±³vIh @ Y ·»±^ B zi}~q];j'}~gtsrwjM²±³vyh @ P  {ejiq ^Ãzi}yq}ytwv.¬j}yggtwrsjDZ±³vyh @ P ·
'\Ì   ¨ y  < *G#L& %1% V .1032I -Gqf-.i .  0'f`g  #I#YOnz .8qg % #&0 iu
* G @/Y@ P [% wk @/Y &Y@9[Y & Y*)+)+)W H G @/Y¾ @ P  % w @/Y &(Y@^[Y &,(Y-)+)+)U
F  5·  ¨g¥ Ìrd (Ogg;vIj/@/YR)@ P ·5ji{  % P I % Y{IKJLJMJLI % N ;j|}jDIjiqzijv~± % ´B{}yqrs{rwvyq¬ze¸{e}~{`@ QY &  @`PY &   JLJLJ & @ NY  @ ]Y ­ rs{e`	CXrsq¬zrwqgxF} % ´«zztwjy·ji{@9[ PY
;jze¶{e¬}Y{@ QY & ( @ [ PY ·e¶j¯qr°{rsvIq@ [ PY   ]
 P @
]Y ze_{e}Y{}@ ] OQPY &  @ ]Y v
@`PY Bh@9[ PY ·Gv   % Y ÅB}~q % BY Êpzi}yqÂ;j.}yggtwrsjDF±³vyh @9[ PY ·«q{ej.}~h.j ­ }9   {egj.vy{egjM
{}~q¬rs{rwvyqzi}yq#}~tv¬j}~gtsrwjM²}~q/{egjjD>gjiqzij
 [;v~± {}~qr°{rsvIq % BP I % BY IRJMJLJMI % BN zi}yq}~tv';jp}yggtwrsjD0· QvyjivY®Iji   @ NY B@^[ NY ·SOv   {egjujM>gjiq¬zj
 [@rwq¬zjM}Gzztwj}~qZ¾ rw
qgvy{1®yjirs¯jM0·
  ¨g¥ Ì7M)(Og¬v>j @ Y ¾_@ P 1}yq [/ % BP I % BY IRJMJLJLI % BN ;jG}²jD>gjiqzij'vy± % ´B{}yqrs{rwvyq¬
ze{e}~{;@9[ Q Y & ( @9[ PY & (  JLJMJ &,( @9[ NY  @^[ ]Y ­ rs{e `kXrsqgzrwqgx#}/ziOzitsjI·KO®OrsvIts  
 [0rwqzijM1}.ziOzitsjp±³vyh @9[ Q Y }yq ­ ju}~juvyqjy·
M¢
Unité de recherche INRIA Lorraine
LORIA, Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - BP 101 - 54602 Villers-lès-Nancy Cedex (France)
Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot-St-Martin (France)
Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - BP 105 - 78153 Le Chesnay Cedex (France)
Unité de recherche INRIA Sophia Antipolis : 2004, route des Lucioles - BP 93 - 06902 Sophia Antipolis Cedex (France)
Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, BP 105 - 78153 Le Chesnay Cedex (France)  	


  
ISSN 0249-6399
